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Description 

lafontobe eliminated, the ligandha>.nganuj^er^^^^^^^ 

According to one embodiment of the .'J', bound to the linker via an acid-sens.t.ve 

,0 such as epidermal growth factor (EOF) or ^"^^J^^'^XZ^MmnsS^^ contains a disuKide or thioether 

ss::rr;^ronToi:^^^^^^^ 

nL z«l and used in the preparation of the coniugat^ o^ h^ in^m>on^ ^, ^^^^^^^^^ 

The acid-sensrtive acylhydrazone bond of ^^"""^^^^'Z^^lT^TJi^^ conjugates and methods of the 
,5 from the conjugate in the acidic extern^ ^j;:^!^,'^:;^^^^^^^^^ Ung of a selected popula- 

;rre.rsTnr:rn^ 

tions. and autoimmune disorders. 
20 part^nRnilND OF TUP INVENTION 

Anthracyclines are antbiotic compounds that exhibitcytotox.^^^^^ 

may operate to l«ll cells by a number of drfferent "^^jjan.^^;^^^^^^^^^^ > SoTbl t drug of free radicals which 
DNA of a cell thereby inhibiting DNA<lependem nucl«c ac,^^^^^ ^ 
then react with cellular macromolecules to ca^«^f" *° °^ ^thracyclines In Experiments Systems And 

cell meni^rane Isee, e.g., C. P^^f ^tiZTS,,^^ al. (ed.s). p. 132 (Martinus Niiho« 

Human Leukemia", in Anthrq r ydine Ant.^ptics In O^nper^ W 99 Because of their cytotoxic potental, 

Publishers 1 982); see also, N.R. Bachur. f J'^' leukemia, breast carcinoma, lung carc- 
anthracyclines have been used in the treatment of status Of Adriamycin And Daunomy- 

noma, ovarian adenocarcinoma, and "^^^CSSo^^ S.T Crooke et al. (eds.). pp. 273- 
cin in Cancer Treatment", in '^'''^'y'''^'^^'Z Z2 S^M^ and daunomycin. . 

94 (Academic Press 1980)]. ^0-^""°"'^ anth^ajyc^^^^ ^^^^ therein a 

Although these compounds may be usefuhn the ^^^^^^ 

selected cell population is sought to be *3e^^^^^^^^ typical adverse side effects include 

idty associated with their ad,rtmstrat.on. For ^anple, T^^^^^^^^.^, Analog Development At Bristol Ubo- 
myelosuppression and cardiotoxicity [see S.T Crooke, ™ ^ , attempts have therefore been made 

Sies"!»5^^ 
in the treatment of tumors to improve the therap^^^^^^ 

bodies directed against tumor-assoca ed artigens^ IJ'' TmSi Immunoconjugates comprised of the anthracy- 
and its toxic side effects on normal cells .n the b^^^^^^^^ 

dines adriamycin (ADM) or daunomycin (DAU).l^ked to Daunomydn-I^onodonal Antibody 791T«6 

gens are known in the art [see. e.g., J^Ga '^QO «^ ^j:, ^ m^Tm and R Arnon et al.. "In Vitro And In Vivo 
'conjugates With Anti-Tumour Activity . Si^S^AnSbSies SslogisalRiv. 62, pp. 5-27 (1982)]. 
Effk;acy Of Conjugates Of Daunomyc|n W-lh J^^^^^^^^^ have utilized a l.ntege 

The most frequently used approaches for the attachment w an a y ^^.^^ ^^^^^^^^ 

at the amino sugar moiety of the anthracychne. ^^'T^^lS formation [see. e.g.. E. Hun^ta et al.. 
treatment and directly attached to lysine ^^ff^^^^^To S vSrRetention Of Both Drug And Ar,tibody Activ- 
-The Covalent Binding Of Daunomycin And Adr amyc n To '^J^^'^' ^^^^ ^ antibodies through car- 

iS.Wm, 35, pp. 1182-86 (1975)]. ^^^^^^'l^^S^^^ on the antibody [see, e.g.. E. 

so bodiim^^SS^ linkage of the amino sugar f^^l!^^^'^'^^^^\roi^omg the amino sugar of the 
Hun^-rtz et al.. SUEia]. And. anthracychnes h«v^^^^^^^^^^^ to antbod'^y ^^^^^ Of Daun- 

drug and amino groups on t^'^f'^^'^tl'^^hSusfHep^^^^^ LL^SDSSr, 41. pp. 841-42 (1980)]. Howler. 
omycin-Anti-AlphaFetoprotein Conjugate On Mouse "epa^TO i.ei s . ^ , ^^f^^ by linkage 

LLwithimmunoconjugatesinwhichtheaminosu^ 

872-75(1972)]. 
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Still otherimrnunoconjugates have been prepared wherein theanmracydine,daunomycin,hasb^ 
to an antibodv at the 14-carbon (C-U) position of the drug. However, the selective cytotoxic activity of these mmuno- 
^onTugates^Jr^tumor^^^ no! ea«ly reprodudble and was revealed consistently only at a concentration of 20 

ng/ml [see J. Gallego et al., suesl- . . , 

Japanese patent application 274658 discloses the conjugation of an anthracycline to an antibody via a l3-ke^o 
acylEmeKe ^ils conjugation was acconplished using methods that involve derivatizatton of the artibody 
and sSuen reaction of that derivative witi. anthracycline. These methods are disfavor«l because denj^^^^^^ of 
the antibS invoK.es undesirable non-specific reactions and very low anthracycline:antibody ratios are obtained. 

A^g to the first method, the antibody was treated with carbodiimide in the presence of hydrazine to yield a 
hydrazTdo antibody derivative which was then reacted witfi the anthracycline such that the V'^""^ I 
dS to the antibody structure. The resulting immunoconjugates, however, are prone to aggregatior, of the antibody 
moSrFureSe, because this method requires carboxylic acW groups on the antibody molecu^ which are lim- 
ited in number, these immunoconjugates have low anthracycline:antibody ratios (approximately 1.1-1^3). 

^e sVcond method invo^,es reacting the antibody with succinic anhydride to yield an amide acid der|vat«,e o the 
antibody. This derivative was next reacted wHh hydrazine to yield an antibody hydrazd ^J'^^^^f^'^^J^'^^ 
reart^ with the anthracycline, daunomycin. This second approach is flawed in that the reaction of the antibody derw- 
SSt^Sd?iSoW^^^^ 

SLire^hydrazidderivative. Thus, as indicated inthe274658 application, the molar ratio of anthracyd^ 

was v^ry low (approximately 1 , see Japanese application, page 264, column 1). See also, ^^'^^'^^''^^''^Z 
Publication No. 294294. which discloses the conjugation of a C-13 hydrazone derivative of an anthracycline to the car- 
bohydrate moiety of an antibody , ...^ r,i r.r^ TiO -il flQlRV T 

Finally, ottier anthracycline hydrazones are disclosed in G.L. Tong et al.. ^^^ff-^^'^^^J^^^^^^^^^ 
Smith et a!., iJdfisL£hfiIL 21 . pp. 280-83 (1978): and R.TC. Brownlee et al.. 'i^^^i^^^P^^'^' 
alsoUnitedStatesPatent4112,2l7,whichdisclosesbis-hydrazonesofdaunomycinandadriamycin. , ,^ . 

InoSsSlfestL^^^^^^ 

acid, in o«ler to potentiate tiie cytotoxic activity and reduce ttie toxicity of the drug [see ^^-f-J;^^ f'^.£ 
o 5 and E Hurwitz et al.. "Soluble Macromolecules As Carriers For Daunorubicin". . | Appl. Bigchem. , 2 pp. 25-35 
oSoTThese'lHinked anthracyclines have ^so been covalently bound to 

assoc ated antigens to form immunoconjugates for targeting of the cytotoxic drug specrfically to tumor cells. Fore«m 
Je^^mycin has been linked to such an "anti-tumor" antibodyviaacarboxymethylKlK^^^^ 

KeSSn^lecule was linked toa 

S tiie Sine ring of the adriamycin to form a hydrazone. The antibody was Jen linked to ^^^^^^^^ 
derivativewimglutaraldehydetoformanadriamycin.dex-antibodycon,ugatelseeR.Arnonetal.. Mo"°<i^"^IAntibod 

ies AS Carriers For Immunolargeting Of Drugs", in Mono r lonal AntMes For ^ Rp re r .^^Jm" n.lI^fS ^ 

Baklwin et al. (eds.). pp. 365-83 (1985) and E. Hur>«tz et al.. "A Conjugate Of Adnamycm ^d 

To Thyl Antigen Inhibits Human Neuroblastoma Cells In Vrtro", Ann. N.Y Agad- 417 pp. 125-36 (19»3 J. 

H^ever.'the use of carriers entails certain disadvantages. For example, carrier-containing immuno«^^^^^^^ 
quite large in size and are removed rapidly by thereticuloendothelial system in VB^^^^^^ 
ScalTrials Witin Combinations And Conjugates OfTIOI Monoclonal Antibody And Doxor^^^^^^^ 

4886-91 (1986)1. This rapid removal of the carrier-containing immunoconjugates may not be ='^^"^9^°"^'°;*!^ 
because the conjugated drug may never reach its intended site of action, i.e.. the selected group of cells to be killed jn 
aS on Z prSce of the higJ molecular weight carrier may negatively affect Jhe stabilrty o 
and hasbeen Shown toreducethe binding activity Of tine antibody oftheconjugate[^^^^ 

body Targeting Of Anti-Cancer Agents", in Mnnnrinnai Antibodies For Cancer Detection And Thgrap^ R.W. ^Ww'" e 
aUei. ^323-24 (1985)]. FuShermore. in studies witti tumor cells, tiiere is no e^dence ^'^f"^^;'^':^ 
canSr-cimairtng immunoconjugates are able to localize to the Srt.'^TJL^ci TlL^i 

ization And Toxicity Study Of A Vindesine-Anti-CFA Conjugate In Patients With Advanced Cancer . Rf . J. Cancer. 47. 
S?2 (S3rSh de^nstrates localization of directly-conjugated drug-antibody conjugates to tumor ce s m 

Thus Se conjugation of anthracyclines to antibodies by the use of specific linkages and carriers has been dis- 
clos^^ outiinediove, the use of these immunoconjugates entails distinct disadvantages dependmg upon the spe- 

ESn rga^^^I^I^Snjugates have also been disdos^ 
I PaS^dl c oslTn e^^^^^^ conjugate wher«n Pseudomonas exotoxin (PE) is linked to EGF in « ;ati° of^2 for u^ 
aaaiS ci having large numbers of EGF receptors. EGF-ricin A and EGF-diphttieria toxin coniugates have also been 
Stsee ero B Cawley et al.. "Epidermal Growtt, Factor-Toxin A Chain Conjugates: EGF-Ricin A Is A Potent Toxin 
wS SF-D?phSe'ia SLnt A Is Nonto»c", QfilL 22. pp. 563-70 (1980) and N. Shirrnzu et al.. "A Cyto -c E^^^^^^^^^ 
Z^ Growth Factor Cross-Linked To Diphtheria Toxin A-Fragment". FEBSLgfigrs, 118 (No.2), pp. 274^78 (1980)]. Fu^ 
thermore Pseudflmcnas exotoxin fusion proteins have been prepared using proteins, polypeptides and grovrth factors 
suchTT^fiS^-e and CD4 [see .g.. I. Pastan et al.. "Novel Cytotoxic Agents Created By The Fusion Of 
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Growth Factor And Toxin Genes", Fourth Internatt. Conference On Monoclonal Antibody Immunoconiuaates For Can- 
Q£L p.36 (March 30-April 1. 1989); H. Lorberboum et al.. Proc. Natl. Acad. Sci. USA. 85, pp. 1922-26 (1988); V.K. 
Chaudhary et al., Proc. Natl. Acad. Sci. USA. 84, pp. 4538-42 (1987); C.B. Siegail et al., Proc. Natl. Acad. Sci. USA. 
85, pp. 9738-42 (1988); and V.K. Chaudhary et al., Nature. 335, pp. 369-72 (1988)]. And a diphtheria toxin-a-melano- 

5 cyte-stimulating hormone fusion protein has been made [see J.R. Murphy et al., "Genetic Construction, Expression And 
Melanoma-Selective Cytotoxicity Of A Diphtheria Toxin-Related a-Melanocyte-Stimulating Hormone Fusion Protein", 
Proc. Natl. Acad. Sci. USA. 83, pp. 8258-62 (1986) and United States Patent 4.675,382. issued to J.R. Murphy]. Ligand 
conjugates comprising protein toxins, however, may prove to be immunogenic in xenogeneic hosts. 

In addition, anthracyclines such as ADM or DAU have been chemically linked to certain protein or polypeptide lig- 

10 ands such as transferrin [see United Kingdom patent application, GB 21 16979 A] and melanotropin [see J.M. Varga et 
al., "Melanotropin-Daunomycin Conjugate Shows Receptor-Mediated Cytotoxicity For Cultured Murine Melanoma 
Cells", Nature. 267, pp. 56-58 (1977)]. See, also, PCT patent application WO 88/00837 (EGF linked via a polymeric car- 
rier to a cytotoxic substance such as daunomycin) artd United States Patents 4,522,750 and 4,590,001 (transferrin 
linked to vinca alkaloid and platinum, respectively). 

15 EP-A-0 243 929 discloses polypeptide and protein derivatives of the formula 

A-X-Z-X'-B 

wherein 

20 

A represents the residue of a protein or polypeptide, 

B represents the residue of a protein or polypeptide, of a reporter group or of a cytotoxic agent; 

X and X' represent a bivalent organic group; and 
Z represents a divalent radical. 

25 

EP-A-0 036 676 dislcoses bis-anthracycline compounds, wherein anthracycline molecules are linked together to 
form a single molecular structure. Preferably, anthracyclines having a ketone substituent at the C-13 or C-14 carbon 
atom are applied. For example, an amino-dicarboxylic acid dihydrazide of the general formula 

30 0 H 0 

H^N-NH-cfCHzJ^C-C-NH-NH^ 
NH2 

35 

wherein n = 1 - 4 may be applied as linker. 

US Patent No. 3 957 755 discloses naphthacene derivatives of the formula 

40 I I 

Naphthacene"C=N-N"R4 



wherein R3 and R4 represent low-molecular residues. 

45 

SUMMARY OF THE INVENTION 

The present invention provides a novel chemistry for linking cytotoxic anthracycline molecules via a linker arm to a 
molecule capable of reacting with a selected target cell population to be killed. 
50 According to the present invention an anthracycline-ligand conjugate is provided comprising at least one anthracy- 
cline molecule linked to a ligand reactive with 

a selected cell population to be kilted, the anthracycline having a keto group at the C-13 position and being attached to 
the ligand via a linker arm, the linker arm being covalently bound to the anthracycline by an acyihydrazone linkage at 
the 13-keto position of the anthracycline; 
55 wherein the linker arm additionally contains a disulfide bond or thioether bond; and 

wherein the ligand is selected from the group consisting of bombesin, EGF, transferrin, gastrin, gastrin-releasing pep- 
tide, platelet-derived growth factor, lL-2, IL-6, TGF-a. VGF. TGF-p, insulin and insulin-like growth factors 1 and II; or from 
the group consisting of carbohydrates, steroids and lectins. 

The anthracycline is selected from the group consisting of adriamycin, daunomycin. detorubicin, carminomycin, 
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idarubicin. epirubicin, esorubicin. 4'-THP-adriamycin, AD-32 and 3'-deamino-3'-(3-cyano-4-morpholinyl)-doxorubicin. 

According to preferred ennbodiments conjugates are provided, wherein the ligand is bombesin and the anthracy- 
dine is adriamycin; or 

wherein the ligand is EGF and the anthracycline is adriamycin; or 
wherein the ligand is transferrin and the anthracycline is adriamycin. 

According to another embodiment of the invention a method of preparing these anthracycline-ligand conjugates is 
provided, comprising the steps of: 

a) reacting the ligand with a thiolating agent; and 

b) reacting the thiolated ligand with an acylhydrazone of the formula: 




wherein: 

is CH3, CH2OH. CH20CO(CH2)3CH3 or CHaOCOCHCOCeHsjg; 
R^is 



wherein X = H, NOg or halogen; 
R^ is OCH3, OH or hydrogen; 

is NH2, NHCOCF3, 4-morpholinyI, 3-cyano-4-morpholinyl, 1-piperidinyl, 4-methoxy-1 -piperdinyl, benzyl amine, 
dibenzyi amine, cyanomethyl amine or 1-cyano-2-methoxyethyl amine; 
R^ is OH, 0-THP or hydrogen; 

R® is OH or hydrogen, provided that R® is not OH when R^ is OH or 0-THP; and 
n is an integer from 1 to 10, inclusive, 

or of the formula: 
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wherein: 

is CH3, CH2OH, CH20CO(CH2)3CH3 or CH20COCH(OC2H5)2; 
is OCH3, OH or hydrogen; 

R"^ is NH2, NHCOCF3, 4-morpholinyl. 3-cyano-4-morpholinyi, 1 -piperidinyl, 4-methoxy-1 -piperdinyl, benzyl amine, 
dibenzyl amine, cyanomethyl amine or 1-cyano-2-methoxyethyI amine; 
R^ is OH. 0-THP or hydrogen; 

R^ is OH or hydrogen, provided that is not OH when R^ is OH or 0-THP; and 
n is an integer from 1 to 10, inclusive. 

or of the formula: 




wherein: 

is CH3, CH2OH. CH20CO(CH2)3CH3 or CH20GOCH(OC2H5)2; 
r2 is 

wherein X = H, NO2 or halogen; 
R^ is OCH3. OH or hydrogen; 

R"^ and R'' are independently hydrogen, alkyi, substituted alkyl. cycloalkyi, substituted cycloalkyl. aryl, substituted 
aryl, aralkyi or substituted aralkyi; or R^, R^ and N together form a 4-7 membered ring, wherein said ring may be 
optionally substituted; 
R^ is OH. 0-TTHP or hydrogen; 



EP0 398 305 B1 



is OH or hydrogen, provided that is not OH when R^ is OH or 0-THP; and 
n is an integer form 1 to 10, inclusive. 

A preferred acylhydrazone is ADM-HZN. 
5 According to yet another embodiment a method of preparing the novel anthracycline-ligand conjugates is provided, 
comprising the steps of: 

a) reacting SPDP with hydrazine to form a 3-(2-pyridyIthio)prop(onyl hydrazide; 

b) reacting adriamycin-hydrochloride with said hydrazide to form ADM-HZN; and 

10 c) reacting ADM-HZN with a ligand to which thiol groups have been attached, the ligand being reactive with a 
selected cell population to be killed. 

Alternatively, the anthracycline-ligand conjugates may be prepared by a method comprising the steps of 

15 a) reacting SPDP with hydrazine to form a 3-(2-pyridylthio)propionyl hydrazide; 

b) reacting adriamycin-hydrochloride with said hydrazide to form ADM-HZN; 

c) treating said ADM-HZN with a reducing agent to form 13-[3-(mercaptopropionyl)]adriamycin hydrazone; and 

d) reacting said hydrazone with a ligand to which maleimide groups have been attached, the ligand being reactive 
with a selected cell population to be killed. 

20 

A further aspect of the present invention refers to a pharmaceutically acceptable composition useful in the treat- 
ment of diseases, in particular cancers, non-malignant tumors, non-cytocidal viral or pathogenic infections, and autoim- 
mune disorders, which comprises a pharmaceutically effective amount of at least one anthracycline-ligarxJ conjugate 
as defined above and a pharmaceutically acceptable carrier. These pharmaceutical compositions are prepared by 

25 incorporating at least one anthracycline-ligand conjugate of the invention into a pharmaceutically acceptable earner. 

Yet another embodiment of the invention concerns the use of at least one anthracycline-ligand conjugate as 
defined above for preparing a pharmaceutical composition for delivering anthracycline to a selected cell population to 
be killed, for treating mammalian diseases selected from the group consisting of cancers, non-malignant tumors, non- 
cytocidal viral or pathogenic infections and autoimmune disorders and for treating mammalian tumors. 

30 Moreover, the invention concerns the use of more than one conjugate of the invention comprising a molecule reac- 
tive with a selected cell population to be killed for preparing a pharmaceutical composition for delivering a combination 
of anthracyclines to said cell population, the cell-reactive molecule of each conjugate being reactive with the same or a 
different antigen, epitope or receptor associated with said cell population and the anthracycline of each conjugate being 
the same or different. 

35 For example a number of anthracycline molecules can be linked to a protein such as an antibody (which is not 
within the scope of the present invention) or a ligand such as bombesin or EOF reactive with a selected target cell pop- 
ulation. Each anthracycline is linked to the antitxxly via a linker arm, the anthracycline being bound to that linker through 
an acylhydrazone bond at the 13-keto position of the anthracycline, to form immunoconjugates. For example, an adri- 
amycin hydrazone derivative (ADM-HZN) condensed with a thiolated antibody, resulting in the attachment of the anthra- 

40 cycline to the antibody via a linker arm. An acylhydrazone bond formed at the C-13 position of the ADM serves as the 
site of attachment of the ADM to the linker. Additionally, a disulfide bond is present within the linker as the site of attach- 
ment of the antibody. According to another embodiment, the ADM-HZN was reduced to generate a sulfhydryl group and 
the resulting novel hydrazone derivative was condensed with a maleimide-derivatized antibody. This led to the forma- 
tion of a linker arm having an acylhydrazone bond as the site of the linker attachment to the C-13 position of ADM and 

45 a thioether bond within the linker as part of the linker attachment to the antibody. 

According to a preferred embodiment of the invention, the novel ADM-HZN intermediate was covalently linked to 
thiolated ligands, such as bombesin, transferrin or EGF, resulting in the attachment of the anthracycline to the ligand via 
a linker arm. As in the other embodiments described above, the anthracyline is attached to the linker via an acylhydra- 
zone bond formed at the C-13 position of the anthracycline. Additionally, a disulfide or thioether bond may be present 

50 within the linker structure. 

The immunoconjugates have anthracycllne:antibody molar ratios of approximately 4-10 and retain both antibody 
and cytotoxic drug activity for the killing of selected target cells. Tlie anthracycline-ligand conjugates of the present 
invention may have an anthracycline:ligand ratio of at least 1. and retain both receptor binding activity and cytotoxic 
drug activity. The acid-sensitive hydrazone bond that is present at the site of attachment of the anthracycline to the 

55 linker arm of these conjugates, and additionally the di sulfide or thioether linkages within the linker arm of the preferred 
embodiments of this invention, are ideally suited for the release of activ drug und r reducing and acidic conditions 
such as those typically encountered within a cell, e.g., in lysosomal vesicles. 

The conjugates of this invention may be used in pharmaceutical conpositions, such as those comprising a phar- 
maceutically effective amount of at least one conjugate of the invention and a pharmaceutically acceptable carrier. The 
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present invention also encompasses methods for the selective delivery of cytotoxic drugs to a selected population of 
target cells desired to be eliminated, as well as the use of the conjugates in methods for treating a mammal in a phar- 
maceutically acceptable manner with a pharmaceutically effective amount of the compositions of the invention. 

Advantageously, the conjugates, pharmaceutical compositions, and methods disclosed herein provide a useful 
5 approach to the targeting of cytotoxic anthracyciine drugs to a selected population of cells for the preferential killing of 
those target cells in the treatment of diseases such as cancers and other tumors, non-cytocidal viral or other pathogenic 
infections, and autoimmune disorders. 

BRIEF DESCRIPTION OF THE DRAWINGS 

w 

Figure 1 depicts in schematic form the synthesis of the novel ADM-HZN hydrazone derivative used in the prepara- 
tion of the immunoconjugates. 

Figure 2 depicts in schematic form the synthesis of immunoconjugates wherein a monoclonal antibody (MAB) was 
first thiolated using either SPDP (N-succinimidyl-3-(2-pyridyidithio)propionate) or 2-IT (2-iminothiotane) and the thi- 
15 olated antibody was then reacted with ADM-HZN to form an immunoconjugate, with a hydrazone bond at the 13-keto 
position of the ADM and a disulfide bond within the linker arm. 

Figure 3 depicts a scattergram that compares the number of reactive thiol groups substituted on the monoclonal 
antibody (SH/MAB ratio) to the final ADM/MAB molar ratio achieved in immunoconjugates produced by the condensa- 
tion of the SPDP-thiolated 5E9 and 3A1 monoclonal antibodies with ADM-HZN. 
20 Figure 4 depicts a scattergram comparing the SH/MAB ratio with the final ADM/MAB molar ratio achieved in immu- 
noconjugates produced by the reaction of 2-IT-thioIated 5E9 and 3A1 antibodies with ADM-HZN. 

Figure 5 depicts a scattergram showing the relationship between ADM/MAB molar ratio and the protein yield of 
immunoconjugates prepared using either SPDP-thiolated antibodies or 2-IT-thioIated antibodies. 

Figure 6 depicts a scattergram comparing the ADM/MAB molar ratio vs. protein yield obtained in immunoconjugate 
25 preparations using monoclonal antibodies of either the IgG-i isotype (e.g., 5E9 and 3A1) or the IgGg isotype (e.g.. L6). 
These antibodies had been thiolated with SPDP. 

Figure 7 also depicts a scattergram comparing the ADM/MAB molar ratio vs. protein yield of immunoconjugates 
having antibodies of the IgG^ vs. IgGg isotypes (as in Figure 6) except that these antibodies had been thiolated using 
2-lT 

30 Figure 8 depicts in graph form the binding curves of two immunoconjugates compared to the binding curves of the 
respective unconjugated monoclonal antibodies. 

Figure 9 is an HPLC chromatograph depicting the stability of an immunoconjugate over the pH range of 4-7. This 
chromatograph demonstrates the acid-sensitivity of the acylhydrazone bond of the invention as indicated by the 
increased release of free ADM from the immunoconjugate as the pH became more acidic. 

35 Figure 1 0 is an HPLC chromatograph showing the release of an ADM moiety from an immunoconjugate after treat- 
ment with DTT. 

Figure 1 1 depicts in graph form the selective cytotoxicity of immunoconjugates toward the Daudi cell line using a 
soft agar colony formation assay. These immunoconjugates had been prepared using 2-lT-thiolated antibodies. 

Figure 12 depicts in graph form the selective cytotoxicity of immunoconjugates toward Namalwa cells and the 
40 increased potency of the immunoconjugates compared to free ADM, using a limiting dilution assay. 

Figure 13 depicts in graph form the selective cytotoxicity of immunoconjugates toward Daudi cells using a soft agar 
colony formation assay. In this instance, the immunoconjugates had been prepared using SPDP-thiolated antibodies. 

Figure 14 depicts in graph form the selective cytotoxicity of another immunoconjugate prepared with SPDP as the 
thiolating agent. This immunoconjugate was cytotoxic toward antigen-positive Daudi and Namalwa cells, but not anti- 
45 gen-negative HSB-2 cells, using tiie soft agar colony formation assay. 

Figure 15 depicts the selective cytotoxicity of 5E9 and 3A1 immunoconjugates toward a human colon carcinoma 
cell line (5E9-I-, 3A1 using a colony formation assay. 

Figure 16 depicts in graph form the lack of cytotoxicity towards Daudi cells of immunoconjugates prepared by 
attaching ADM to monoclonal antibodies at the amino sugar residue of tiie ADM through a leu-ala dipeptide linker. 
50 Figure 1 7 depicts in schematic form the synthesis of an immunoconjugate wherein the novel ADM-HZN derivative 
of this invention is reduced and then reacted witii a SMPB (succinimidyl-4-(p-maleimidophenyl)butyrate)-treated anti- 
body to form an immunoconjugate having a linker arm witin a tiiioether linkage within its sti'uctijre. 

Figure 18 depicts in graph form tiie cytotoxicity of an immunoconjugate having, additional to the 13-keto acylhydra- 
zone linkage, a thioether bond within its linker arm. The immunoconjugate showed greater potency relative to free ADM 
55 toward Namalwa cells, using a ^H -thymidine incorporation assay. 

Figure 19 depicts in graph form the cytotoxicity toward HSB-2 cells of the immunoconjugate of Figure 18, using the 
same ^H-thymidine incorporation assay. 

Rgure 20 depicts in graph form the selective cytotoxicity of an immunoconjugate toward antigen-positive cells vs, 
antigen-negative cells using the ^H-tiiymidine incorporation assay, the immunoconjugate having, additional to the 13- 
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keto acylhydrazone linkage, a thioether bond within its tinker arm. 

Figure 21 depicts in graph form the ia viva anti-tumor activity of an immunoconjugate on human Daudi tumor 
xenografts in mice. The immunoconjugate showed a greater anti-tumor activity than that seen using an equivalent dose 
of free ADM. 

5 Figure 22 depicts in graph form the in yiyg anti-tumor activity of ADM on human Daudi tumor xenografts in mice 
over time and at varying dosages of ADM. using a Q7Dx3 treatment schedule and i.v. administration. 

Figure 23 depicts in graph form the in vivo anti-tumor activity of an immunoconjugate on human Daudi tumor 
xenografts in mice compared to the anti-tumor activity of optimized free ADM (given i.v, on a Q7Dx3 treatment schedule 
at a dose of .10-1 1 mg/kg/inj). The immunoconjugate showed a greater anti-tumor activity. 

TO Figure 24 depicts in table form the ifl WQ. anti-tumor activity of ADM on human Ramos tumor xenografts in mice 
using i.v. administration but varying the treatment schedules and dosages. 

Figure 25 depicts in graph form the in yjwo anti-tumor activity of ADM on human Ramos tumor xenografts in mice 
over time and at varying dosages of ADM, using a single injection treatment schedule and i.v. administration. 

Figure 26A depicts in graph form the in yjvQ anti-tumor activity of an immunoconjugate of this invention on human 

15 Ramos tumor xenografts in mice compared to the anti-tumor activity of optimized free ADM (given i .v. on a Q1 Dxl treat- 
ment schedule at 16-18 mg/kg/inj). The immunoconjugate showed a greater anti-tumor activity than the free ADM. 
Figure 26B depicts the Id vivo anti-tumor activity of the immunoconjugate over time at different dosages of the conju- 
gate, demonstrating the dosage-dependent nature of the conjugate's anti-tijmor effect. The dosages of the immunocon- 
jugates tested in Figures 26A and B are given as the input of conjugated antiiracycline, with the antibody input given in 

20 parenthesis. 

Figure 27 depicts the chemical structures of a) a bombesin-ADM conjugate of the invention; b) an EGF-ADM con- 
jugate of the invention; and c) a transferrin-ADM conjugate of the invention. 

Figure 28 depicts two HPLC chromatographs of cys-bombesin, chromatographed on a reverse phase C-18 column 
and an ion-exchange CX-30Q column, respectively. Each chromatograph was run at 220 and 280 nm. This figure dem- 
ss onsti-ates the purity of the cys-bombesin preparation used to construct a bombesin-ADM conjugate of the invention. 
Figure 29 depicts a mass spectrum of the cys-bombesin-ADM conjugate of the invention. 
Figure 30 depicts in graph form a competitive binding assay on Swiss 3T3 cells, wherein ^^^UGRP was incubated 
witii increasing concentrations of a cys-bombesin-ADM conjugate of the invention, cys-bombesin or GRP, and inhibition 
of ''^^I-GRP binding to the cells was measured. This assay demonstrated the retention of binding activity by tiie cys- 
30 bombesin-ADM conjugate for bombesin receptors on tiie cells- 
Figure 31 depicts in graph form the cytotoxicity of a cys-bombesin-ADM conjugate of the invention toward SVT2 
cells, using a ^H-thymidine incorporation assay. The conjugate showed a greater potency relative to free ADM or ADM- 
HZN toward the cells. 

Figure 32 depicts in graph form the cytotoxicity of a cys-bombesin-ADM conjugate of the invention toward HCT1 16 
35 cells, using a ^H-thymidine incorporation assay. 

Figure 33 depicts in graph form the cytotoxicity of a cys-bombesin-ADM conjugate of tiie invention toward Swiss 
3T3 cells, using a^H-thymidine incorporation assay. 

Figure 34 is an HPLC chromatograph demonstrating the purity of an EGF-ADM conjugate preparation of the inven- 
tion. 

40 Figure 35 depicts in graph form a competitive binding assay on A431 cells, wherein ^^^l-EGF was incubated with 
increasing concentrations of an EGF-ADM conjugate of the invention or EGF. and inhibition of ^^^l-EGF binding to the 
cells was measured. This assay demonstrated tiie retention of binding activity by tiie EGF-ADM conjugate for EGF 
receptors on the cells. 

45 DETAILED DESCRIPTION OF THE INVENTION 

In order that the invention herein disclosed may be more fully understood, the following detailed description is set 
forth. In this connection reference is made to EP-A-O 328 147 which is incorporated by reference herein in its entirety. 

The present invention relates to novel anthracycline conjugates, novel anthracycline acylhydrazone derivatives, 
50 methods for their production, pharmaceutical compositions and methods for delivering cytotoxic antiiracydines to a 
selected population of cells desired to be eliminated, in the treatinent of diseases such as cancers and other tumors, 
non-cytocidal viral or other pathogenic infections, and autoimmune disorders. More particularly, the invention relates to 
anthracycline conjugates comprising at least one anthracycline molecule linked to a molecule that is reactive witii a 
selected cell population sought to be eliminated, the antiiracycline being linked to the cell-reactiVe molecule via a 13- 
55 keto acylhydrazone bond. The cell-reactive molecule can be a protein such as an antibody (as disclosed in EP-A-O 328 
147) or a ligand such as bombesin or EGF 

According to anotiier preferred embodiment, the invention encompasses antfiracydine-ligand conjugates com- 
prised of a ligand, such as a polypeptide or peptide ligand, that reacts with one or more rec ptors associated with the 
cell surface of a selected cell population, the ligand having at least on anthracycline molecule linked to its sfructure. 
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The anthracycline is cov^ently bound to the peptide by a linker arm that is attached to the anthracycline at the 1 3-keto 

Hardy. "Purification And Coupling Of ^^^^^^^^f'ly.^^^^^ .'.^ z^th 1986) for a discussion of con- 

In^rnynfitoVolumel: — 

bind to abnormal cell surface antigens. These antiDoaies m-y h J' J Of Murine Lymphoma 

duced using technk,ues well established in tt.e art [see, e^ l^^^^'^^'J'^'"^^ (1982) (tumorTpecrtic 

u m*>. Fudhemwe, n»Hntemaloing or p.8fcra«l, -""^^^^^^^ J^,^ a «» MXM, 
or human origin or chimeric antibod'es ^ ^^^^ ^^^3 spedf ically to a 

hydrates and lectins. , ^ *ha mnii inatP^i nf this invention acts to deliver the 

M»er » ''«^':^;^,^r^^^^ « p^c^ar cell popolalion w«h whk* «19 .miboay » Haand reacB 
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'"".mmunoconiugates and the methcxls lor their production are exer^plHied in which the anthracyciine, adriamycin. 

through which it was attached to the antilxxly (see Figure 2). adriamycin hydrazone derivative 

the 13-keto position of the anthracycluie^ ^^^^ ^ either of the 

13-keto-containing anthracyclines having formulae I. II or III may be applied: 



50 



65 



■ Said methods are. however, also suitable tor the production of all anthracydine-ligand conjugates. 
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wherein: 

is CH3. CH2OH, CH20CO(CH2)3CH3. CH20COCH(OC2H5)2; 
R^is 

wherein X = H, NO2 or halogen 
is OCH3, OH or hydrogen; 

R^ is NH2, NHCOCF3, 4-morpholinyi, 3-cyano-4-morpholinyl. 1 -piperidinyl, 4-methoxy-1-piperdinyl, benzyl amine, 
dibenzyl amine, cyanomethyl amine or 1 -cyano-2-methoxyethyl amine; 
R^ is OH, 0-THP or hydrogen; 

R® is OH or hydrogen, provided that Is not OH when R^ Is OH or 0-THP; and 
n is an integer from 1 to 10, inclusive; 




wherein: 

R^ is CH3. CH2OH. CH20CO(CH2)3CH3. CH20COCH(OC2H5)2: 
R^ is OCH3, OH or hydrogen; 

R'* is NH2, NHCOCF3, 4-morphol(nyl, 3-cyano-4-morphol(nyl. 1 -piperidinyl, 4-methoxy-1-piperdinyl, benzyl amine, 
dibenzyl amine, cyanomethyl amine or 1-cyano-2-methQxyethyl amine; 
R^ is OH, 0-THP or hydrogen; 

R® is OH or hydrogen, provided that R^ is not OH when R^ is OH or 0-THP; and 
n is an integer from 1 to 10, inclusive; and 
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wherein: 



20 is CH3. CH2OH. CH20CO(CH2)3CH3. CHgOCOCHCOCgHsla; 

r2 is 



25 




wherein X = H, NO2 or halogen 
30 is OCH3, OH or hydrogen; 

R"^ and R^ are independently hydrogen, alkyi, substituted alkyi, cycloalkyi, substituted cycloalkyl. aryl, substituted 

aryl, araikyi or substituted aralkyi; or R^, R^ and N together form a 4-7 membered ring, wherein said ring may be 

optionally substituted; 

R^ is OH, 0-THP or hydrogen; 
35 R^ is OH or hydrogen, provided that R® is not OH when R^ is OH or 0-THP; and 

n is an integer from 1 to 10. inclusive. 

The above-disclosed anthracycline acylhydrazones represent novel intermediates in the preparation of the conjugates 
of the invention and are exemplified by ADM-HZN and 13-{3-(mercaptopropionyl))adriamycin hydrazone, respectively. 

40 as described in the preferred embodiments discussed herein. 

As can be seen from the above formulae, the acylhydrazone intermediates of the invention include hydrazones of 
any of a number of known anthracyclines such as adriamydn. daunomycin and carminomycin. In addition, the interme- 
diates include acylhydrazones derivatized at specific sites on the anthracycline structure (e.g., 4'-THP-adriamycin 
hydrazone and 3'-deamino-3'-(3-cyano-4-morpholinyl)adriamycin hydrazone). These latter intermediates can be syn- 

45 thesized by first derivatizing the anthracycline to form a desired analog and then using that analog to prepare the hydra- 
zone intermediate of the invention. Known anthracycline analogs include those described in U.S. Patents 4,464,529 
and 4.301.277 (3'-deamino-3'-(4-morphoiinyl) or 3'-deam(no-3'-(3-cyano-4-morpholinyl) anthracycline analogs), U.S. 
Patents 4,202.967 and 4,314,054 (3'-deamino-3'-{1-piperdinyl) or 3'^eamino-3'-(4-methoxy-1-piperdinyl) anthracyline 
analogs). U.S. Patent 4,250.303 (N-benzyl or N.N-dibenzyl anthracycline analogs), U.S. Patent 4,591.637 (N-meth- 

50 oxymethyl or N-cyanomethyl anthracycline analogs) and U.S. Patent 4,303,785 (acetal analogs of anthracyclines). 
Thus, these known anthracycline analogs can be reacted as described hereinabove (see Figure 1) to produce novel 
acylhydrazones which can then be conjugated to an antibody or ligand of a desired specificity as described herein. 

Alternatively, an underivatized acylhydrazone intermediate of this invention can first be produced as described 
herein from the underivatized anthracycline. such as adriamycin. daunomycin or carminomycin. and this novel interme- 

55 diate then derivatized to produce a novel acylhydrazone substituted as desired. For example, ADM-HZN can be deriva- 
tized at its amino sugar moiety by reductive amination with 2.2'-oxydiacetaldehyde using the procedure desaibed in 
U.S. Patent 4,464,529. to produce 3'-deamino-3'-(3-cyano-4-morpholinyl)adriamycin hydrazone. Similarly. ADM-HZN 
can be derivatized at the amino sugar moiety to produce novel acylhydrazone derivatives such as 3'-deamino-3'-{4- 
morpholinyl) ADM hydrazone (see U.S. Patent 4,301.277), 3'-deamino-3'-(1-piperdinyl) ADM hydrazone (see U.S. Pat- 
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em 4 202 967), 3'<leamino-3'-(4-methoxy-1-piperclinyl) ADM hydrazone (see U.S. Patent 4.314,054) N-benzyl ADM 
Srazone anJ'N,N-dibenzyl ADM hydrazone (see U.S. Patent 4,250,303) or N-methyoxymethyl ADM t^dr^one and 
N cvSiomethyl ADM hydrazone (see U.S. Patent 4,591 .637). In addition, ADM-HZN can be denvatized at the R pos - 
I^on d Sae 1 in as describi in U.S. Patent 4,303.785 to produce acetal derivatives of the hydrazone such as 4'- 

THP-ADM hydrazone. , ^ . ^. 

It should be understood that these novel procedures for derivatizing the acylhydrazones of the invention can utihze 
as steirting materials hydrazones of anthracyclines other than ADM, such as daunomycn or carmmomyan, to produce 
ToveTSli^pSVuch^s N-benzyl daunomycinhydrazoneor 3'^ 

^'iv^iLtroirsai^^^^^^^^^^^ 

immLSatll retained amibody binding 

carcinoma ceHs under various assay conditions. Thus, ceils possessing the antigen to which the antibody of the coniu 
aewa^diS^^^^^^ 

were not killed. In fact, in several experiments, antibody<Jelivered anthracydine was found to be more Polert than 
^Llent amounts of unconjugated anthracydine. Differences in uptake mechanisms into the tumor cell and intracel^ 
SaTuansport mechanisms may be responsible for the potency differences observed between the free drug and the 

'"''FXmriSs using human tumor xenografts in mice have demonstrated the ability of the ™noconij. 
oates to inhibit tumor growth in yiva leading in some cases to complete tumor regression. The immunocomugatK were 
SSc^^Tssra greater ^cy and inhit^ted tumor growth to a greater extent than the unconjugated anth^cy- 
cJnTp X^Te, the immunoconjugates were tolerated by the animals to a much greater extent than the free drug, 
being at least 1 0 times less toxic than the unconjugated anthracydine alone. 

The binding and cytotoxicity properties of the immunoconjugates appear to represent an improvement over immu- 
nocoZ te r ir^^^^^^^ iatuTe in which anthracydines were directly linked to antibody ^^^o^Qj'^f^;:"^^^^^^^^^^ 
Sortoi of the anttiracycline. Those amino sugar-linked immunoconjugates often cortoned 
Kdy molar ratios and exhibited reduced cytotoxicrty relative to the free drug and reduced antibody b'ndmg properties 
Ke eg R ^rn.n at .1 immunnlcx^ical Rev. . 62. sjjBia: E. Hurwitz et al.. CaPSgrR^-. 35, syca; and R. Yamamato 
Jal il Furthermore, stabilrty studies performed on the immunoconjugates indicated that the anthracydine was 
rlleasSn t^eimmunoconjugates under redudng and addic conditions similar to those found in a cellular environ- 
r^lnT^sThe reten^n of high cytotoxic drug activity observed with the immunoconjugates described herein may be 
exDiained bv the fad that a relatively unmodified drug is delivered to the target cells. 

^ rSSon, we wSe able to optimize reaction cond^ons such that anthracycline:antibody molar 'atos of approxi- 
mately 4-10 were reached, using several antibodies of different isotypes. The amount of protein recovered after con- 
densation with tiie ADM-HZN derivative dropped off dramatically when molar ratios greater than 10 ^^ W^.'* 
appeared that tiie major limitation in obtaining immunoconjugates witin molar ratios greater thar^^ 10 was due to the 
nSuced solubility of the conjugates in agueous solution and the physical association of antiiracydine with protem 

aet cel^or example, our studies have demonstrated that certain anthracycline-ligand conjugates of this invention 
et ni ttS iecTc ;eceptor binding activrty while exhibiting cytotoxicrty toward tumor cells, ^^^"f • ^^^^S^-^^^^^^^^^ 
ADM conjugate prepared as described herein demonstrated a binding adivity to a bombesin fe<=J*o'-POf ^i^^^^^^^^^ '"IJ 
iuivalen to thi observed with unconjugated cys-bombesin and was highly cytotoxic to a tranjformed^^^^^^^^^^^ 
Hne in vitro. In fact, the cys-bombesin-ADM conjugate was more potent then free ADM or ADM-HZN. In addition, an 
EGF-ADM conjugate as well as a transferrin-ADM conjugate were prepared as described herein. 

Our Sffi i udies showing the enhanced anti-tumor activity of the immunoconjugates over the free drug as well 
as theS rS sysSc ^xicSy, indicate an increased therapeutic index for the conjugates^TTius, the presertinven^ 
SnSornconpasses pharmaceutical compositi^^^ 

and other tumoTs, non-cytoddal vir^ or other pathogenic infedions, and autoimmune ^^^^ 
invention indudes methods for treating disease in mammals wherein a pharmaceutically effective arno^ntofat least 
o^e anthracycline-containing conjugate is administered in a pharmaceutically acceptable manner to the host mammal 
MerS embodimer^s of 'the methods of this invention include the administration, ^^f^^ — ^^^^^^^^^^^ 
seouentially of a number of different conjugates, i.e.. bearing different anthracyclines or different antibodies or "Qancte. 
S^memis of combination chemotherapy. For example, an embodiment of this invention 'r^y";^^^^^^^^^ 
a nSLer of anthracycline-immunoconjugates wherein the specrticity of ttie antibody component o t^e Wte va - 
fesiVanumberofimmunoconjugatesareused. each one having an antibody that binds specificallytoadiffe^ 

Q?n or'to tfi^eri srt^^^^^ eprtopi on the same antigen present on ttie cell population of interest. The anthracydine 
oZ emS^ese ^un^^^^ 
useM in the treatment of certain tumors where the amounts of the various antigens on the surface of a tumor is 

u klnrrttietmorcellpopd 

Lurtofdmg is targetedto all of the tumor cells at the tumor site. The use ofanumber of conjugates bearing 
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antigenic or epitope specificities for the tumor increases the likelihood of obtaining sufficient drug at the tumor site. 
Additionally, this embodiment is important for achieving a high degree of specificity for the tumor because the likelihood 
that normal tissue will possess all of the same tumor-associated antigens is small [cf.. 1. Hellstrom et al., "Monoclonal 
Antibodies To Two Determinants Of Melanoma-Antigen p97 Act Synergistically In Complement-Dependent Cytotoxic- 

5 ity". J. Immunol.. 127 (No. 1). pp. 157-60 (1981)]. 

Alternatively, a number of different immunoconjugates can be used, wherein only the anthracycline component of 
the conjugate varies. For example, a particular antibody can be linked to adriamycin to form one immunoconjugate and 
can be linked to daunomycin to form a second immunoconjugate. Both conjugates can then be administered to a host 
to be treated and will localize, due to the antibody specificity, at the site of the selected cell population sought to be elim- 

10 inated. Both drugs will then be released at that site. This embodiment may be important where there is some uncer- 
tainty as to the drug resistance of a particular cell population such as a tumor because this method allows the release 
of a number of different drugs at the site of or within the target cells. An additional embodiment includes the conjugation 
of more than one anthracycline to a particular antibody to form an immunoconjugate bearing a variety of different 
anthracycline molecules along its surface all linked to the antibody via a 13-keto acylhydrazone bond. Administration 

15 of the immunoconjugate of this embodiment results in the release of a number of different drugs at the site of or within 
the target cells. Furthermore, a combination of anthracycline-antibody and anthracycline-ligand conjugates can be 
used wherein the drug can be targeted to a cell population carrying a specific antigen as well as a receptor for a specific 
ligand on its surface. Again, one type of anthracycline or a number of different drugs can be used in this combination 
therapy 

20 The anthracycline conjugates of the invention can be administered in the form of pharmaceutical compositions 
using conventional modes of administration including, but not limited to, intravenous, intraperitoneal, oral, intralym- 
phatic, or administration directly into the site of a selected cell population such as a tumor. Intravenous administration 
is preferred. In the case of the immunoconjugates, for in vivQ treatment, it may be useful to use conjugates comprising 
antibody fragments such as Fab or F(ab')2 or chimeric antibodies. 

25 The pharmaceutical compositions of the invention -comprising the anthracycline conjugates •- may be in a variety 
of dosage forms which include, but are not limited to. solid, semi-solid and liquid dosage forms such as tablets, pills, 
powders. liquid solutions or suspensions, suppositories, polymeric microcapsules or microvesicles, liposomes, and 
injectable or infusible solutions. The preferred form depends upon the mode of administration and the therapeutic appli- 
cation. 

30 The pharmaceutical compositions may also include conventional pharmaceutically acceptable carriers known in 
the art such as serum proteins such as human senjm albumin, buffer substances such as phosphates, water or salts 
or electi-olytes. 

The most effective mode of administration and dosage regimen for the conjugate conpositions of tiiis invention 
depends upon tiie s»/erity and course of tine disease, the patient's health and response to treatment and tine judgment 

35 of the treating physician. Accordingly, the dosages of the conjugates and any accompanying compounds should be 
titi-ated to the individual patient. Nevertheless, an effective dose of the anthracycline immunoconjugate of this invention 
may be in the range of from about 1 to about 100 mg/m^ anthracycline or from about 500-5000 mg/m^ antibody. An 
effective dose of the anthracycline-ligand conjugates may be in the range of from about 1 to about 100 mg/m^ anthra- 
cycline or from about 1 to about 100 mg/vr? ligand. 

40 In order that the invention described herein may be more fully understood, the following examples are set forth. It 
should be understood that these examples are for illustrative purposes only and are not to be construed as limiting the 
scope of this invention in any manner. 

EXAMPLE 1 

45 

The following exarrple demonstrates the production of a anthracycline immunoconjugate wherein tiie drug is linked 
directiy to a monoclonal antibody via a hydrazone bond at the 13-keto position of ttie drug. 

The particular embodiment desaibed in this example involves the conjugation of ADM to a monoclonal antibody to 
form an immunoconjugate having a linker arm with an acylhydrazone bond as its point of attachment to the ADM mol- 
so ecule of the immunoconjugate. the linker additionally having a disulfide bond as part of its attachment to the antibody. 
This embodiment also provides a novel acylhydrazone derivative of ADM (ADM-HZN). 

Synthesis Of An Adrlamvcin Hvdrazone 

55 As the initial step in the preparation of the immunoconjugate of this embodiment, an ADM-hydrazone derivative was 
first syntiiesized as follows: 0.3 ml of 1 M hydrazine, i.e., NH2NH2, solution in isopropyl alcohol was added to a cooled 
solution of SPDP (70 mg, 0.22 mmol) in 3 ml of THF (tetrahydrofuran). After stimng 20 min at 0°C, the product was 
extracted with CHaCIa, washed with brine and dried over K2CO3. The residue obtained after evaporation of the solvents 
was chromatographed on n utral alumina (5% MeOH. 95% CH2CI2) to give 21 mg (41%) of 3-(2-pyridyldithio) propionyl 
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u ^ ^.«,nnn.,nri 9 in Fiaure 11 This hydrazide and adriatnycin HCI (obtained from Sanraku Inc.. Japan) (48 mg. 

was followed by reverse phase thin layer chromatography (TLC) (MeOH. H2O - 2.1 . containing o 4 ; 

IT^sXs'^^^^^^ 1579. 1419. 1286, 1016. 988. 698 cm- FABMS (glycerol) m/e 755 (M.I). 

737. 645. 625. 609. 

f5 Thinlation Of Monoclonal Antibodies 

Before reacting the ADM-HZN compound prepared as described above with a monoclonal antibody of interest, the 

rS:^i:5nters!tyPr'essVK.1987).Anumberofthesea^^^^^^ 
^°teTuS™^io.g^^^^^^^^^^ 

nitrobenzoic acki) {E4.2 = U150). according to the procedure of G.L Ellman. A r m Pl OThm BiQPhYS, . 82. pp. 70 77 
(1^9). 

»n rvf Thinlated M ^?.^,7innal Antibodies With ADM-HZN 
A number of conjugations were next performed wherein monoclone antibodies thiolated as described above were 
AdTh?N waTdi^^^^^^ and added to SPDP-thioiated antibodies In PBS or to ^'^iola^^ cfn' 

3 nm (E4O5=8030). The amount of antibody protein was determined by absorbance at 2M nm (1 mg/ml - 1 .4 OD 
mS) ToSrZ for ttie overlap of ADM absorbance at 280 nm. the following formula was used: 
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Antibody (mg/ml) = ^ 



5 Immunoconjugates were analyzed for the presence of unconjugated ADM or ADM derivatives using HPLC analysis. 
HPLC was done using a Phenomenex column packed witli 5 micron IB-SIL CIS beads. Unconjugated ADM-HCI. ADM- 
HZN (0.1 [1 moles), or immunoconjugates containing 0.5-5 jimoles drug equivalents were applied to the column and 
eluted with methanol and 10 mM ammonium phosphate, pH 4.5 (70:30) at 1 .5 ml/min. All of the immunoconjugates pro- 
duced contained no significant amount (<1%) of unconjugated drug by HPLC analysis. 

w 

Characterization Of The Immunoconjuqates Of The Invention 

The immunoconjugates so produced were comprised of ADM molecules conjugated at the 13-keto position to a 
linker arm that formed a bridge between the drug and the respective monoclonal antibody. Furthermore, the addition of 

ts the monoclonal antibody with free thiol groups to the ADM-HZN derivative which contained a thiopyridyl protected 
disulfide bond led to the formation of a disulfide bond in the linker joining ADM to the antibodies (see Figure 2). Immu- 
noconjugates produced according to this embodiment include, but are not limited to, 5E9-ADM-7,5, 3A1-ADM-7.0, L6- 
ADM-9.0 and G28.1-ADM-9.0, wherein the first part of the designation represents the monoclonal antibody used to 
form the conjugate, the second part of the designation represents the anthracycline linked to the antibody and the 

20 numeral in the designation represents the molar ratio of ADM/antibody in the particular immunoconjugate. 

The ADM/antibody molar ratios achieved according to this embodiment depended upon the number of thiol groups 
introduced onto the monoclonal antibody and the amount of ADM-HZN derivative added to the thiolated antibody. The 
scattergrams in Figures 3 and 4 show that ADM/antibody ratios of 3-4 were achieved when ADM-HZN was condensed 
with either the 5E9 or 3A1 monoclonal antibody containing approximately eight thiol groups. Typically, a 10-fold molar 

25 excess of ADM-HZN to protein was added in these reactions. ADM/antibody ratios increased to 8-10 when those anti- 
bodies having 18-25 thiol groups were used. No significant differences in the ADM/antibody ratios were observed when 
using SPDP vs. 2- IT to thiolate the monoclonal antibody (compare Figures 3 and 4), However, final protein yields fol- 
lowing conjugation of drug to antibody appeared to be somewhat higher with SPDP -thiolated antibodies as compared 
to 2-IT-thiolated antibodies (see Figure 5). Protein yields of 50-80% were commonly obtained for SPDP-thiolated anti- 

30 bodies such as 5E9 and 3A1 whereas yields of 20-50% were obtained for the same antibodies thiolated using 2-IT. 
Additionally, somewhat better immunoconjugate yields were obtained using monoclonal antibodies of the IgGI isotype 
such as 5E9 and 3A1 for conjugations earned out with SPDP or 2-IT (see Figures 6 and 7). 

The binding activity of the immunoconjugates was determined using a competition assay involving the use of ^^^1- 
labeled antibody Respective antigen-positive and antigen-negative cells (1 x 10®) were suspended in 0.1 ml of RPMI 

35 1 640 containing 2% FBS and mixed with 0. 1 ml of 2-fold serially diluted unconjugated monoclonal antibody or immuno- 
conjugate at concentrations starting at 50 ^g/ml. The cell suspensions, in duplicate, were incubated while mixing at 4'C 
for 1 hour The cells were then washed two times and suspended in 0.1 ml containing 5 \ig/m\ of ^^^l-labeled homolo- 
gous antibody (specific activity from 1-50 X 10^ cpm/fig antibody protein). Samples were incubated at 4°C for 1 hour 
and overlaid onto 0. 1 5 ml 1 : 1 mixture of dibutyl :dinonyl phtiialate that was cooled to 4°C. The samples were centrifuged 

40 at 10.000 X g for 1 min at 4°C and the cell-bound counts (pellet) determined using an LKB gamma counter. 
The retention of binding activity by the immunoconjugates is demonstrated in Table 1 below. 
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Table 1 

Relative Binding Affinity Estimates After ADM-H2N 
Conjugation 



10 


Inhibitor 


Molar Ratio 


Trace 


•^4^ 

« 1 O M 

XlU Fl 


IT.]^ 
-9 


sK conj ^ 
xio"^ L/M 












- 


3.2 










- 


- 


5.1 


to 




SPDP Linker 










5E9-ADM 


3.5 




4.2 


3.4 


2.6 






4.0 




6.7 


2.1 


1.0 


20 




4.9 




4,2 


4.0 


3.0 






6.8 




4.2 


2.1 


1.6 






8.5 




10.0 


2.1 


0.7 


25 


3A1-ADM 


2.6 




4.2 


1.3 


1.5 






3 . 3 






1.3 


5.1 






4.2 




8.3 


1.3 


0.8 


30 




6.7 

2- IT Linker 




7.3 


1.3 


0.9 




5E9-ADM 


5.6 




4.1 


4.0 


3.1 


35 




6.7 




4.7 


4,0 


2.7 




3A1-ADK 


6.0 




4.0 


1.3 


1.6 


40 
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= Molar concentration of antibody conjugate giving 50% 
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20 



inhibition of trac r antibody. 
^(T^l = Molar concentration of antibody giving 50% 
inhibition of tracer antibody. 
. = Relative (K) affinities were calculated using the 



conj 



formula: 

K conj = [T^IK;^ 



1^1 



is the equilibrium constant of the unconjugated MAb as 
determined by Scatchard analysis. 



As shown in the table, the 5E9 immnuoconjugates prepared using SPDP and having molar ratios ranging between 
3.5 and 8,5 retained over 80% of their original binding activity as compared to unconjugated 5E9. 5E9 immunoconju- 
gates prepared using 2-lT also retained high binding activities. 3A1 immunoconjugates prepared using SPDP showed 

25 some loss in antibody binding activity. In general, conjugation of ADM to these and other antibodies resulted in loss of 
relatively small degrees of antibody binding activity. 

Figure 8 shows the binding curves of two immunoconjugates 5E9-ADM-7.5 and 3A1-ADM-7.0, compared to the 
binding curves of the unconjugated 5E9 and 3A1 monoclonal antibodies. To obtain these curves, the immunoconju- 
gates were incubated at 4*'C in 0.1 ml complete growth medium containing 1x10^ antigen-positive HSB-2 target ceils. 

30 After 1 hour, the cells were washed twice in the medium and incubated for an additional 30 min in 0.1 ml of medium 
containing 1 :40 dilution of FITC-labeled goat anti-mouse IgG (Boehringer-Mannheim). The cells were analyzed on a 
Coulter Epics V fluorescence cell analyzer. Cell surface fluorescence was compared to the fluorescence obtained using 
similarly diluted unconjugated monoclonal antibody. As the figure indicates, the binding activity of each of the immuno- 
conjugates was preserved as demonstrated by the fact that the concentration of immunoconjugate that was required to 

35 saturate the antigen-positive cells was at most one doubling dilution greater than the concentration required for the 
unconjugated antibody. The differences in the plateau levels of fluorescence intensity between unconjugated antibodies 
and the immunoconjugates was found to be due to reduced binding of the secondary FITC-goat anti-mouse reagent to 
the immunoconjugate as compared to the unconjugated antibody. 

The stability of an imnujnoconjugate of this embodiment - an L6-ADM conjugate at various pH's, ranging from 

40 4.0 to 7.0, was studied using HPLC analysis. The L6-ADM-9.0 conjugate was incubated in phosphate buffers at each 
of the indicated pHs for 24 hours at 37°. Each solution was then applied to an HPLC column and the amount of uncon- 
jugated drug was determined. As shown in figure 9, the single product detected after 24 hour incubation at the different 
pH's had a column retention time similar to that of the ADM-HCI standard. The amount of material released from the 
immunoconjugate after 24 hours increased as the pH was lowered from 7 to 4. The "untreated" control represents the 

45 chromatograph of the conjugate stored at -20** in pH 7.4 phosphate buffer. It thus appears that the immunoconjugate 
has an acid-sensitive linkage group which resulted in the release of ADM from the antibody protein. These results are 
consistent with the existence of a hydrazone bond joining the ADM to the linker arm as described in Figure 2. 

According to the embodiment of this example. ADM was attached to the antibody through a linker arm that also 
contained a disulfide bond (see Figure 2). It should thus be possible to release an ADM moiety by reduction of an immu- 

50 noconjugate of this embodiment with DTT Therefore, the L6-ADM conjugate, L6-ADM-9.0. was treated with a 10-fold 
excess DTT. incubated at room temperature for 15 min and applied to an HPLC column. ADM-HCI and ADM-HZN 
standards were run at the same time and the peaks from the chromatographs are indicated in Figure 10. L6-ADM-9.0 
had no detectable peak of unconjugated drug prior to the addition of DTT. HPLC analysis showed the appearance of a 
single peak that had a column retention time similar to that of ADM-HCI rather than the ADM-HZN derivative (see Figure 

55 1 0). The amount of ADM released after DTT treatment was approximately 99% of the starting ADM equivalents bound 
to the antibody. The experimental data of Figures 9 and 10 demonstrate that an ADM-like moiety is released from the 
immunoconjugates under "physiologic" conditions, i.e., acidic and reducing conditions, typical of the cellular environ- 
ment. 
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Cytotoxic Activitv Of The I mnninoeoniuaates 

The immunoconjugates were tested in vjlre for cytotoxicity using a number of assay systems. According to a soft 
agar^^y forrS Jn assay. Daudi (BurkHt's lymphoma) cells (phenotype: 5E9*. 3A1 -) ot>tained ^o- ATCC were 
g?own in .implete medium (RPMI 1640 medium plus 10% fetal calf serum . 1 x 10^ cells ,n l ^^l^im^^msN^e 
exposed for 15 hours to serially diluted 5E9-ADM or SAI-ADM immunoconjugates or unconjugated ADM. Inphca e 
dS^srminationsweredone for each dilution. Controlsconsisted of similarly treated cdls not expose^^ 
wereLn washed and suspended in RPMl 1640 mediumcontaining 15% FBSandO.3% agarose (ManneCoito^^^^ 
ml of the cell suspension (1 X 10^ cells) was then overlayed onto a 0.4% agarose layer in 6-well m crotter plates^s- 
tar) Samples were incubated for 7-10 days at 37» and the resulting colonies stained with 0.5 ml of 1 mg/ml of p-iodon- 
itrotetrazolium violet (Sigma) for 48 hours. Colonies were counted using an Optimax -^-^O '^ge ana yzer and the 
inhibition of colony formation determined by comparing drug-treated or immunoconjugate-treated cells to the untreated 

'°%re 1 1 compares the cytotoxic activity of the 5E9-ADM conjugate. SES-ADM-T.S, and the 3A1^;ADM con^^^^^^^^^ 
3A1-ADM-7 0 after 1 .5 hours exposure on the 5E9 antigen-positive and 3A1 anhgen-negative Burkitts lymphoma cell 
line Daudi. Both of these immunoconjugates had been prepared via thiolation with .^-'T^^.Co^P^"^'" °' 
response curves shows that the 5E9-ADM-7.5 conjugate which retained 93% of the original binding activity for antigen- 
bearing target cells (see Figure 8) was significantly more potent than 3A1-ADM-7.0. the non-binding contrd conjugate^ 
Sgdluti 

Of the Ze^entioned two immunoconjugates, using a longer exposure for,r«t (24 hours . 

Ss ng Namalwa cells (phenotype: 5E9+, 3A1 -) essentially as described by M. Colombatt. etal.. -Se^^^^^ 

St Cells By Antibody^RicinAChainOrAntibody-Gelonin Hybrid Molecules: Com^^^^^^ 

rmmmunoselection Procedures". J Immunol.. 131, pp. 3091-95(1983). The cells, ^bta.ned from the /^TCC were nci^ 
bated with the immunoconjugates for 22 hours, washed and log cell kill was determined. Log cell kill was calcula ed 
baStrthe platSg efficiindes that were estimated by the portion of welts without growth at limHing cell concentra- 

*'°"'as shown in Figure 12. 5E9-ADM-7.5 produced 1-2 logs greater cell kill at concentrations tested witt. 
the non-binding 3A1 -ADM-7.0 conjugate. Up to 5 logs of cell kill was measured at the highest dose of 5E9-ADM-r5^ 
idrnallyrwhilecytotoxicacliv.tyfbrthenon4.inding3A1i^^^ 

S s than an equivaient amount of unconjugated ADM. However, the activity of the 5E9 .mmunoconjugate was, at sev- 
eral concentrations, greater than an equivalent dose of free ADM. 

As stated above, the 5E9-ADM-7.5 and 3A1-ADM-7.0 immunoconjugates were synthesized using 2-IT as the th^ 
olating agent Immunospecif ic cytotoxicity was also observed with immunoconjugates that were prepared using SPDP 
a he ZLg agent. Figure 13 shows selective cytotoxic activity of 5E9-ADM and 3A1-ADM -;;^"n™atj, 
made using SPDP as the thiolating agent, on Daudi cells using the soft agar colony formation as^y fj';^^ 
Furtiier evfdence for selective cytotoxicity of immunoconjugates prepared using SPDP ,s shown ,n Figure 1 4^here the 
Ss 1 ADM-9.0 immunoconjugate was tested on two 028.1 antigen-posrth^e cell Hnes. Daudi and Namalwa. and on 
one G28.1 antigen-negative human T cell leukemia cdl line. HSB.2. using the soft agar «=°'o"y '°;'".«»;°" ^^^^f^^ 
HSB-2 cells were obtained from the ATCC. As shown in the figure, the immunoconjugate was cytotoxic toward the two 
antigen-positive cell lines but not toward the antigen-negative cell line. 

Preferential killing of antigen-positive ceils by the immunoconjugate. 5E9-ADM-7.5. was also oteerved in a colony 
formaSn S using the anchorage-dependent human colon carcinoma cell line. HCT1 16. obtained as a grft from Dr. 

M. Brattain [Bristol-Baylor l^s. Houston. Tx]. /rsiar™ washed 

Monolayer cultures of the carcinoma cells were removed from culture flasks with trypsin-EDTA GIBCO), washed 
and paSrough a 22-gauge needle to obtain a single cell suspension. 5E9-ADM-7.5, 3A1-ADM-7.0 or unconju- 
gateS ADM was serially diluted in 0.2 ml of medium containing 1 X 1 0^ carcinoma cells. Each dilution was done in tnp- 
S£ ^.ntrols includil untreated or antibody-treated cells. Cells were incubated for 3 hours, wash^one time n 
medium and 1 X 10^ cells in one ml were plated in 12-well microtiter plates (Costar). Plates were incubated for7-10 
daVs a737« and fbced with absolute methanol for ten min. The colonies were stained witin crystal violet and counted on 
an OptiL 40-10 image analyzer. As shown in Figure 15. greater cytotoxicity was observed when the carcinoma cells 
were exposed to 5E9-ADM-7.5 than when they were exposed to 3A1 -ADM-7.0. 

BeSiuse many reports have shown that ADM linked to antibody at the amino sugar of the drug resulted in irmnu- 
noconjugates showing a significant toss of drug activity, we tested the <'y^^^^\^ 

attach ng ADM to the antibody at the amino sugar of the drug thru a leu-ala dipeptide linker, using ou soft agar colony 
: Son aZ sUm. As shown in Figure 16, neither the 5E9-ADM-4.0 nor 3A1.ADM.3.9 Pf^^'^^f^^^^^^^ 
we^cjotoxic on Daudi cells. The ADM-leu-ala derivative used to make conjugates was about 2 logs less potent than 

equivalent amounts of unconjugated ADM. 
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EXAMPLE 2 

This example describes th preparation of an anthracycline immunoconjugate wherein ADM is conjugated to a 
monoclonal antibody via a linker arm having an acylhydrazone bond as its site of attachment to the ADM molecule and 
5 additionally having a thioether linkage as part of its attachment to the antibody. TTiis embodiment also provides a novel 
acylhydrazide derivative of ADM. 

Preparation Of (mmunoconjugates Havino A Thioether Bond Within The Linker Arm 

w Monoclonal antibody, 5E9, (2.5 mg in 2.5 ml phosphate buffered saline) was reacted with SMPB (succinimtdyl-4- 
(p-maleimidophenyl)butyrate) (59.5 \xg in 100 ^1 tetrahydrofuran) at 30° for 30 min. The pH was adjusted to 6.0 with 
sodium citrate buffer. The mixture was passed through a PD-10 gel filtration column (Pharmacia) to separate maieim- 
ide-containing antibody from unreacted materials. The ADM-H2N derivative (1 mg) prepared as described in Example 
1 was then dissolved in 1 ml MeOH/HjO (9:1) and 0.5 nmoles of the ADM-HZN was reacted with 0.5 nmoles of tri-n- 

15 butylphosphine in 4:1 acetone:H20 to prepare a novel reduced ADM-HZN (see Figure 17). After 10 min, 0.1 M sulfur in 
toluene was added to destroy remaining phosphine. The reduced ADM-HZN was then mixed with the 5E9 maleimide- 
containing antibody. Immunoconjugates so produced were purified by passage through a PD-10 get filtration column. 
In some instances, when removal of toluene solvent had not been complete, an organic solvent layer separated, floating 
some protein from the reaction mixture. A gentle stream of air was used to remove the solvent and the denatured pro- 

20 tein was removed by spinning of the mixture for 2 min at 1 6,000 x g. The clear supernatant containing the immunocon- 
jugates was then gel filtered and analyzed in PBS at pH 7.4. The ADM/antibody molar ratio was determined 
spectrophotometrically using ODjeo and OD495 as described in Example 1. A typical reaction yielded immunoconju- 
gates with molar ratios of between 3 and 4. 

25 Cytotoxic Activity Of Immunoconiuaates Having A Thioether Linkage 

A number of immunoconjugates prepared according to the embodiment of this example were tested for cytotoxicity 
toward antigen-positive vs. antigen-negative tumor cell lines using a ^H thymidine incorporation assay which measures 
inhibition of DNA synthesis. According to this assay, dilutions of the immunoconjugates or unconjugated ADM were 

30 made in complete medium and 1 00 \i\ of each dilution was added to wells in 96-well microtiter plates. Each dilution was 
done in triplicate. Tumor cells were suspended in medium and 100 ^1 containing 1x10^ cells were then added to each 
well. Cells were Incubated for 24 hours at 37**C in a 5% CO2 humid atmosphere. Fifty microliters containing 1 nCi[6-^H]- 
thymidine (New England Nuclear, 1 5Ci/mmole) was added to each well and incubated for four hours at 37'C. Cells were 
transferred to Millititer sv plates (Millipore) and precipitated with 25% cold trichloroacetic acid (TCA). The precipitates 

35 were washed ten times with 5% cold TCA. Filters were dried, punched and counted in Econofluor liquiid scintillation 
fluid (New England Nuclear). All counts were corrected by subtraction of tackground counts. 

An immunoconjugate according to this embodiment "5E9-ADM-3.9" was highly cytotoxic toward 5E9 antigen-pos- 
itive Namalwa and HSB-2 cells (see Figure 18). The immunoconjugate was more potent than equivalent concentrations 
of unconjugated ADM. In another experiment, a 3A1-ADM-6.0 immunoconjugate at concentrations below 0.1 ^g/ml 

40 ADM was found to be cytotoxic toward 3A1 -antigen-positive HSB-2 cells but not toward 3A1 -antigen-negative Namalwa 
cells (see Figure 20). At higher concentrations, the cytotoxicity of the immunoconjugate was about the same toward 
both cell lines. 

EXAMPLE 3 

45 

In Vivo. Anti-Tumor Activity Of The ImmunocQniugates 

Immunoconjugates were next tested for their anti-tumor activity in yjvo. More particularly, the immunoconjugates 
were tested for their ability to inhibit the growth of human B lymphoma tumors in mice. 

50 Primary Daudi and Ramos (Burkitt's lymphoma) solid tumors were established in BALB/c nude mice by subcuta- 
neous (s.c.) inoculation of tissue culture-maintained lymphoid cells. The Ramos cell line is available from the ATCC. The 
Daudi and Ramos tumors were then serially passaged ia vjyQ in 4-6 week old female BALB/c (nu/nu) mice weighing 
from 20-25 gm (Harlan Sprague-Dawley), using 1x10^ tumor cetls/0.1 ml In PBS for implantation subcutaneously into 
the flank of the mice. Both tumor lines showed a linear growth rate between 200 and 4000 mm^. The median tumor vol- 

55 ume doubling time during exponential growth was 6.9 ±0.8 days for Daudi tumors and 4.4 ± 0.6 days for Ramos tumors. 
Tumor volumes (V) were calculated using the formula: 
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5 where L = length (mm) and W = width (mm). 

When tumor volumes reached 400-600 mm^ for Daudi tumors and 250-400 mm^ for Ramos tumors, the mice were 
randomized into groups of 5 - 1 0 animals for treatment with ADM-HCI (i.e., free drug), ADM-immunoconjugates, uncon- 
jugated monoclonal antibody or a mixture of the monoclonal antibody plus ADM. Specificity of cell killing was demon- 
strated by comparing the anti-tumor activity obtained with the tested immunoconjugates (i.e., whose antibody 

w component is reactive with the tumor cells to be kiiled) vs. that obtained using non-binding conjugates (i.e., conjugates 
that are not reactive with that tumor population). The mixture of antibody plus free drug was a control demonstrating the 
need for a covalent coupling of drug to antibody. 

Results were expressed as inhibition of tumor growth (T-C) or tumor doubling delay (TDD) which were estimated 
from the delay in the tumor volume doubling time (TVDT) when growth curves from treated groups were compared to 

15 uninoculated controls. TDD was calculated using the formula 

20 

where T = time (days for the tumors in a treated group to reach 3000 mm^. C = time (days) for tumors in a control group 
to reach 3000 mm^, and TVDT (tumor volume doubling time) = time (days) for the tumor volume in control (non-treated) 
mice to increase from 1500 - 3000 mm^. Each point represents the median tumor volume in the experimental group. 
In these studies, the anti-tumor activity of the ADM-immunoconjugates on Daudi or Ramos tumors was compared 

25 to: a) that obtained using free drug at an equivalent dose, route of administration, and schedule and b) the activity 
obtained using the free drug given at its optimal dose, route and schedule. 

In all of the studies described herein, drug treatment with ADM-HCI was performed by adding 50-100 X DMSO to 
the powdered drug, diluting the dissolved drug in PBS to a particular dosage of mg/kg/inj on the day of injection and 
inoculating it into the tumor-bearing mice either intravenously (i.v.. tail vein) or intraperltoneally (l.p.). The ADM-immu- 

30 noconjugates used in these studies were prepared as described in Example 1 and all retained greater than 90% of the 
original antibody binding activity. Specifically, the monoclonal antibodies 5E9 and G28.1 were used as the antibody 
conrponent of the immunoconjugates in these studies. The ADM-immunoconjugates were stored at 4**C in PBS and 
used no later than two weeks after their preparation. All of the immunoconjugates tested as well as unconjugated anti- 
body controls were administered i.p. 

35 Furthermore, as used in this application, the treatment schedule notation "Q7Dx3" connotes a treatment schedule 
wherein each mouse in that drug group was given 3 injections, each injection spaced 7 days apart, i.e., an injection 
weekly for three weeks. Likewise, "Q5Dx2" refers to a treatment schedule wherein the mice in that group were given a 
total of 2 injections of drug or conjugate spaced 5 days apart. QlDx1 refers to a single injection. Thus, the treatment 
schedule notations are defined wherein the first numeral of the notation represents the spacing (in days) of injections 

40 and the last numeral represents the total number of injections per schedule. 

The anti-tumor activity of the ADM-immunoconjugates was therefore first evaluated as compared to the free ADM- 
HCI drug at a matching or equivalent dose, route of administration, and schedule. The anti-tumor activity on Daudi 
tumors of a 5E9-ADM immunoconjugate, 5E9-ADM-1.8 (mole ratio = MR = 1.8 ADM molecules/MAB), was compared 
to the activity of a) unconjugated ADM-HCI at a matching drug dose (4.1 mg/kg/inj), b) the 5E9 nrranoclonal antibody at 

45 a matching antibody dose (630 mg/kg/inj), c) a mixture of the 5E9 antibody plus ADM-HCI (4. 1 mg ADM + 630 mg 5E9), 
and d) a non-binding immunoconjugate. L6-ADM-8.6 (4.1 mg/kg/inj ADM) as a control. 

Mice (5 mice/group) were dosed, i.p., on days 20 and 25 after tumor implantation (i.e., a Q5Dx2 schedule) when 
initial tumor sizes ranged from between 800 to 1 100 mm^. The dose used in this experiment represented the maximum 
tolerated dose (MTD), i.p.. for free drug, that is, the dose of the drug administered via any given route or schedule that 

50 results in an LD^o (death of 10% of the animals) (see Table 1 below). 

As Figure 21 Indicates, significant anti-tumor activity was obtained with the 5E9-ADM conjugate. Furthermore, this 
anti-tumor activity was greater than that observed at an equivalent dose of free drug. And. as Table 4 below indicates, 
three of the five mice treated with the conjugate had complete tumor regressions (cures), which corresponded to a >1 .5 
TDD. In contrast, ADM-HCI and unconjugated 5E9 as well as the L6-ADM non-binding conjugate exhibited no anti- 

55 tumor activity. Some tumor growth inhibition gas observed using the ADM-HCI plus 5E9 mixture, but this effect was tran- 
sitory and represented only a statistically insignificant 0.2 TDD. 

In this experiment, the free drug was dosed at 4.1 mg/kg/inj due to the toxicity associated with I.p. -administered free 
drug at doses above 4-5 mg/kg. At these low doses, both free ADM and mixtures of ADM plus monoclonal antibody 
were inactive. However, as Figure 21 makes clear, even at this low dose, the ADM immunoconjugate was still active in 
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inhibiting tumor growth. 

Next, we sought to determine the anti-tumor activity of the ADM-immunoconjugates on Daudi tumors as compared 
to the anti-tumor activity obtained using the unconjugated drug given at its optimal dose, route of administration, and 
schedule. Initially therefore, we had to determine the dose, route, and schedule of free ADM-HCI that ted to a maximal 
5 anti-tumor activity on Daudi cells. For this optimization study mice were treated with ADM-HCI using different routes of 
administration, dosages and schedules. The spacing of inoculations was dependent on the treatment schedule 
employed. TDD values were then determined as described above. 

The results of this optimization study are summarized in Table 2 below. As can be seen from Table 2, the Q7Dx3 
schedule, given i.v., gave an optimal anti-tumor response, both in terms of tumor growth delay and in tumor regression 
10 rates at a dose of 1 1 mg/kg/inj, which was also the MTD for the drug using the Q7Dx3 schedule, i.v. 



Table 2 



Anti-Tumor Activity Of ADM-HCI On Daudi Tumor Xenografts 


Schedule 


Dose (mg/kg)® 


Tumor Inhibition^ 


TDD 


Toxicity*^ DfT (%) 




inj 


cum 


T-C 


CR 


Cures 






A) 


i.v. Route 


QlDx1 


20 


20 










7/7(100) 




18 


18 










6/8 ( 75) 




15 


15 










7/7(100) 




12 


12 










7/7(100) 


Q7Dx3 


12 


36 


>62 


1 


3 


>2.0 


4/8 ( 50) 




11 


33 


28 


0 


3 


1.1 


2/8(25) 




11 


33 


>42 


0 


4 


>1.3 


2/10(20) 




11 


33 


21 


1 


0 


0.7 


0/8 




10 


30 


18 


0 


1 


0.7 


0/8 




10 


30 


13 


0 


1 


0.8 


0/8 




10 


30 


27 


0 


3 


0.8 


0/7 




9 


27 


23 


0 


1 


0.9 


0/10 




5 


15 


6.2 


2 


0 


0.18 


1/9(11) 


B) 


i.p. Route 


Q5Dx2 


4.5 


9 




0 


0 


0 


0/5 




4.1 


8.2 


0 


0 


0 


0 


1/5 




4.5 


9 


2.2 


0 


0 


.1 


0/8 




5.5 


11 


2.2 


0 


0 


.1 


0/8 


Q8Dx2 


13 


26 










7/7(100) 




10 


20 










8/8 




5 


10 










3/8 ( 37) 


Q4Dx3 


5 


15 










6/9 ( 67) 


Q7Dx3 


10 


30 










8/8(100) 




5 


15 










6/9(67) 



^Results from individual drug groups. 

^-C : represents the time delay in days for the drug- treated group (T) to reach 3000 
mm^ as compared to untreated controls (C). Complete Regressions (CRY temporary 
reduction in tuma volume below palpable tumor size. Cures : complete regression With 
no evidence of tuma regrowth. 
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The anti-tumor activity of free drug on Daudi tumor cells is further depicted in Figure 22. Using the Q7Dx3 sched- 
ule, given i.v.. the growth of Daudi tumor xenografts was significantly inhibited in a dose dependent fashion at 9, 10 or 
1 1 mg/kg/injection, respectively, after treatment with ADM-HCI. Control mice were untreated. Inhibition of tumor growth 
(T-C) at the MTD, which was 1 1 mg/kg/inj, was 28 days which corresponded to a 1 .1 TDD. 

Various schedules using i.p. administration were also tested. As discussed above, the MTD of ADM-HCI, i.p.. was 
determined to be between 4-5 mg/kg/inj. As can be seen from Table 2B. the free drug is inactive on Daudi cells at its 
MTD via the i.p route. Thus, we determined that optimal anti-tumor activity for the free drug is obtainable via i.v. admin- 
istration where the MTD is 1 1 mg/kg/inj, a drug dose that shows growth inhibition of Daudi tumor cells. 

From these experiments, therefore, it was determined that the optimal ADM-HCI dosage for anti-tumor activity on 
Daudi tumors was approximately 1 1 mg/kg/inj. the optimal schedule was Q7Dx3 and the optimal route of administration 
was i.v. 

We next compared the anti-tumor activity on Daudi tumors of the ADM-immunoconjugates to the anti-tumor activity 
of the free ADM-HCI drug given under optimal conditions as determined above. A G28.1-ADM immunoconjugate, 
G28.1-ADM-7.6 (MR = 7.6 drugs/MAB), dosed using a Q5Dx2 schedule, i.p., was compared to ADM-HCI dosed at 10, 
1 1 and 12 mg/kg/inj on a Q7Dx3 schedule, i.v.. schedule. As shown in figure 23 and Table 3 below, the free drug was 
active, giving a 28 day delay in tumor growth at 11 mg/kg (Its MTD) with two of eight mice showing complete tumor 
regression (cures). The imnruinoconjugate at the highest tested dose (18.7 mg ADM, Q5Dx2, i.p.) was well tolerated (no 
deaths, no weight loss) and gave an anti-tumor activity somewhat higher than the free drug with three of the eight 
treated animals showing complete tumor regression. Again, there was no anti-tumor activity associated with non-bind- 
ing L6-immunoconjugate, unconjugated G28.1 or a mixture of unconjugated G28.1 plus ADM-HCI. Thus, we deter- 
mined that the ADM-immunoconjugates inhibited tumor growth to a greater extent tiian could be achieved using the 
unconjugated drug at its optimal dose and schedule, i.v. or i.p. 
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Table 3* 

Anti-Tumor Activity Of MAB Conjugated ADM (Q5Dx2; i.p.) 
5 Compared To Optimized ADM-HCl (Q7Dx3 ; • i . v. ) On Daudi Tumor 

Xenografts 



Dose (mq/kq)^ Tumor Inhibition Toxicity^ 
TO ADM MAB T-C CR Cures TDD D/T (%) 



ADM-HCl 07Dx3: i.v. 



15 


12 


>33 


3 


3 


>1, 


,5 


2/8 




11 


28 


0 


2 


>1, 


,1 


0/8 




10 


18 


0 


1 


0, 


,8 


0/8 



G28.1-ADM (7.6) 05Dx2; i.P. 

20 

18.7 700 :'31 0 3 >1.5 0/8 

8.1 300 3 0 0 0.1 0/8 

4.4 165 1 0 0 0 0/8 

25 L6-ADM (5.5^ QSDx2; i.p. 

18.7 965 7 0 0 0.3 0/8 

8.1 415 0 0 0 0 0/8 

30 G28.1 ADM 05Dx2: i.p. 

4.5 700 6 0 0 0.2 0/8 
G28. 1 05Dx2; i.p. 

35 

700 2 0 0- 0.1 0/8 



♦See Table 2 for legend. 

40 



Table 4 summarizes the anti-tumor activity obtained using different preparations of 5E9 and G28.1 immunoconju- 
gates on Daudi tumor xenografts in atfiymic mice. The highest response rate was consistently obtained at antibody 

45 doses of 500 mg/kg or greater. At these doses, anti-tumor activity was obtained using conjugates having molar ratios 
of 1 .8 to 8.6. The anti-tumor activity appeared to be dependent upon the antibody dose rather than the conjugated drug 
dose as e\/idenced by the fact that as the monoclonal antibody dose increased, there was a corresponding increase in 
both TDD, i.e., inhibition of tumor growth, and tumor regression rates. In all experiments, no anti-tumor activity was 
obsen^ed with the non-binding L6-ADM conjugates that were tested in parallel at equivalent antibody and conjugated 

50 drug doses (results not shown). In addition, this table illustrates the increased potency of the immunoconjugates as 
compared to free drug, which was inactive at equivalent drug doses (compare Table 2 above). 



55 
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Table 4 



Anti-Tumor Activity Of ADM-lmmunoconjugates On Daudi Tunnor 
Xenografts® 


Conjugate - MR 


Cum. Dose (mg/kg) 


T-C^ (Days) 


Cures 


TDD 




MAB 


ADM 








5E9-ADM-4.2^ 


200 


4 


10 


0/7 


0.5 


5E9-ADM-a6 


260 


8.2 


8 


0/5 


0.3 


5E9-ADM-4.2^ 


500 


5 


17 


1/7 


0.8 


5E9-ADM-5.4 


1110 


22.8 


31 


2/5 


1.4 


5E9-ADM-4.2^ 


1200 


18.3 


>61 


2/7 


>1.5* 


5E9-ADM-1.8 


1260 


8.2 


>39 


3/5 


>1.5 


G28.1-ADM-4.9 


200 


4 


8 


0/7 


0.4 


G28.1.ADM-7.6® 


330 


8.8 


1 


0/7 


0 


G28,1-ADM-7.6^ 


600 


16 


3 


on 


0.1 


G28.1-ADM-4.2 


1110 


16.8 


>37 


2/3 


>1.7 


G2ai-ADM-4.9 


1200 


21.4 


>56 


2/7 


>1.5* 


G28.1-ADM-7.6® 


1400 


37.4 


31 


3/8 


'l.3 



^Schedule: Q5Dx2 Route: i.p. MR: mole ratio of drug molecules/MAE 

*^-C: represents the time delay in days for tfie drug-treated group (T) to reacfi 

3000 mm^ as compared to untreated controls (C). 

^Gures: cures/number of animals treated. 

^5E9-ADM-4.2 tested at ttiree doses. 

^28.1 -ADM-7.6 tested at three doses. 

*Death in oontrof group. 

35 

Table 5 below demonstrates the reduced toxicity achieved using the ADM-immunoconjugates vs. the unconjugated 
drug. As can be seen, the immunoconjugates were at least 10 times less toxic than free ADM dosed i.p. 
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Tables 



Toxicity of Free ADM and MAB-ADM in Tumor-Bearing Nude Mice 


a 


Compound 




Schedule 


Route 


ADM (mg/kg)*^ 


DfT% 


Deaths 










inj 


Cumulative 






ADM 


4 


QIDxl 


i.v. 


18 


18 


14/32 


44 


ADM 


3 


QIDxl 


i.v. 


16 


16 


3/31 


10 


ADM 


1 


QIDxl 


i.v. 


14 


14 


0/8 


0 


ADM 


1 


Q2Dx2 


i.v. 


15 


30 


in 


100 


ADM 




Q2Dx2 


i.v. 


12 


24 


10/12 


83 


ADM 


1 


Q2Dx2 


i.v. 


10 


20 


3/5 


60 


ADM 


1 


Q2Dx2 


i.v. 


8 


16 


1/5 


20 


ADM 


1 


Q3Dx2 


i.v. 


16 


32 


8/8 


100 


ADM 


1 


Q3Dx2 


i.v. 


14 


28 


7/8 


88 


ADM 


1 


Q3Dx2 


i.v. 


12 


24 


6/8 


75 


ADM 


1 


Q4Dx2 


i.v. 


14 


28 


6/7 


86 


ADM 




Q4Dx2 


i.v. 


12 


24 


7/15 


47 


ADM 


1 


Q4Dx2 


i.v. 


10 


20 


2/8 


25 


ADM 


1 


Q7Dx3 


i.v. 


12 


36 


4/8 


50 


ADM 




Q7Dx3 


i.v. 


11 


33 


4/26 


15 


ADM 




Q7Dx3 


i.v. 


10 


30 


0/24 


0 


ADM 


1 


Q8Dx2 


ip. 


13 


26 


7/7 


100 


ADM 


1 


Q8Dx2 


i.p. 


10 


20 


8/8 


100 


ADM 


1 


Q8Dx2 


i.p. 


5 


10 


3/8 


38 


ADM 


1 


Q4Dx3 


i.p. 


5 


15 


6/9 


67 


ADM 


1 


Q5Dx2 


i.p. 


5.5 


11 


0/8 


0 


ADM 




Q5Dx2 


i.p. 


4.1 


8.2 


1/5 


20 


028. 1 -ADM 




Q5Dx2 


i.p. 


27.2 


55.4 


0/8 


0 






Q5Dx2 


i.p. 


18.7 


37.4 


0/8 


0 


G28.1-ADM 




QlDx4 


i.p. 


24 


96 


3/8 


38 






QlDx4 


i.p. 


14 


64 


0/8 


0 


G28.1-ADM 




Q1Dx4 


i.p. 


10.5 


42 


0/5 


0 


L6-ADM 




Q1Dx4 


i.p. 


31 


124 


1/8 


13 






QlDx4 


i.p. 


18.6 


74 


0/8 


0 



^Mlce Bearing Daudi a Ramos Tumors 

- Number of Experiments 
*^ADM = Amount Given Free or Conjugated to MAB 
^on = # Deathsmrtal Treated 



Finally, Figure 26A and Table 6 depict the anti-tumor activity of G28.1-ADM conjugates on human Ramos tumors. 
Again, the anti-tumor effect of the imnujnoconjugates on Ramos tumors was compared to that observed using free 
ADM-HCI under conditions which gave optimal results, which was previously determined to be a single dose injection 
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at a dosage of 1 6-18 mg/kg/inj (see Figures 24 and 25). At the highest immunoconjugate dose tested (10.6 mg/kg). the 
anti-tumor activity of the conjugate was superior to the activity obtained using free drug at 18 mg/kg (25% lethality) by 
0.5 TDD and to the activity of ADM-HCI at 16 mg/kg (12% lethality) by 1.0 TDD. The conjugate at this dose was well 
tolerated with all of the treated animals showing no weight loss or deaths. The anti-tumor activity of G28.1-ADM was 
also found to be dose dependent as shown in Figure 266. Thus, decreasing the conjugate dose resulted in decreases 
in the TDD and number of complete regressions. The L6-ADM (non-binding) conjugate at a comparable dose (10.6 
mg/kg) was inactive. 



Table 6 



Anti-Tumor Activity Of MAS Conjugated ADM (QlDx4; i.p.) To Opti- 
mized ADM-HCI (QIDxl; i.v) Using Ramos Tumor Xenografts 


Dose (mg/kg)^ 


Tumor Inhibition*^ 


TDD 


Toxicity^ DfT (%) 


ADM 


MAB 


T-C 


OR 


Cures 






ADM-HCI Q7Dx3; I.v. 


18 




8 


0 


0 


0.5 


2/8(25) 


16 




5 


0 


0 


0.3 


1/8(12) 


G28.1-ADM (4.8] 


Q1Dx4; i.p. 


10.6 


600 


10.5 


0 


1 


1.1 


0/5 


5.3 


300 


5 


0 


0 


0.5 


0/5 


2.6 


150 


3.5 


0 


1 


0.4 


0/5 


L6-ADM (7.9)Q1Dx4:i.p. 


18.2 


600 










2/5(40) 


10.6 


360 


0 


0 


1 


0 


0/5 



^Dose per injection. 
'^See Table 2 for legend. 



The above examples therefore demonstrate the preparation of novel anthracycline immunoconjugates in which a 
cytotoxic anthracycline drug is conjugated to an antibody via a novel acid-sensitive acylhydrazone linkage. The immu- 
noconjugate retain both antibody binding activity (i.e., target ceil specificity) and cytotoxic drug activity and allow the 
release of free unmodified drug under acidic and reducing conditions typical of the cellular environment of the target 
cells. The anti-tumor activity of these conjugates has been demonstrated both in vitro and la Mi and has been shown 
to be greater than the activity obtained with the free unconjugated anthracycline. Furthermore, the immunoconjugates 
were tolerated jn vjyg to a much greater extent than the unconjugated drug. Thus, the immunoconjugates show an 
enhanced therapeutic index (of anti-tumor activity vs. toxicity) and are therefore particularly useful in delivering cytotoxic 
drugs to a selected cell population for the preferential killing of those cells in the treatment of diseases such as cancers 
and other tumors, non-cytocidal viral or other pathogenic infections and autoimmune disorders. 

EXAMPLE 4 

The following example demonstrates the preparation of a novel anthracycline-ligand conjugate wherein adriamycin 
is linked to the peptide ligand. bombesin, via an acylhydrazone bond at the 13-keto position of the drug. 

Preparation Of A Bombesin-ADM Conjug ate 

Crude cys-bombesin with the amino acid sequence: Cys-Glu-Gln-Lys-Leu-CIy-Asn-GIn-Trp-Ala-Val-GIy-His-Leu- 
Met-NH2, was prepared by Vega Biotechnologies (Tuscon, Arizona). Alternatively, we have synthesized cys-bombesin 
on a Milligen 9050 peptide synthesizer using activated pentafluoro esters of Fmoc protected amino acids. The synthe- 
sized peptide was cl aved from the resin, and side chain protecting groups removed by incubation in 92.5% Trifluora- 
cetic add, 2.5% thiophenol and 5% phenol for 2 h at 25**C. 

Cys-bombesin was then purified from the aude peptide mixture by C18 reverse phase HPLC (Perkin Elmer 410 
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Bio HPLC) followed by ion-exchange HPLC. In a typical preparation, 10 mg of crude peptide and 20 mg dithiothreitol 
(DTT) were dissolved in 10% acetonitrile in 0.01 M ammonium acetate. pH 6.0, and separated using a 10-50% ace- 
tonitrile gradient in 0.01 M ammonium acetate, pH 6.0. Eluates were monitored at ODgso- Fractions (1 ml) were col- 
lected and fractions containing reactive thiol groups were identified by reaction with DTNB as described earlier in 
Example 1 . 

These fractions containing reactive thiol groups were also tested for bombesin immunoreactivity in an Elisa assay 
with an anti-bombesin monoclonal antibody that binds to the region of the bombesin peptide that is known to interact 
with the bombesin receptor. The assay was performed as follows: Hie bombesin peptide (100 ng - 1 ng) was absorbed 
onto Immulon II Elisa plates for 2 h at 37°C. The plates were blocked with 3% gelatin for 2 h at 37°C, washed five times 
with PBS containing 0.05% Tween 20, incubated with mouse anti-bombesin antibody (Boehringer Mannheim) for 1 h at 
37°C, and then washed five times with PBS Tween 20. The plates were then incubated with peroxidase-labeled rabbit 
anti-mouse Ig (Boehringer Mannheim), prior to being developed with TMB substrate according to the manufacturer's 
instructions (Kirkegaard and Pen-y). 

Fractions from several runs containing free sulfhydryl groups and displaying bombesin immunoreactivity were 
pooled and further purified by ion-exchange HPLC (Aquapore CX-300 10 ^m column from Rainin) using a 2-50% salt 
gradient (500 mM ammonium acetate, pH 6.0) in 10% acetonitrile. Eluates were monitored at OD280 and 1 ml fractions 
were tested for free thiol groups by the DTNB method and for bombesin immunoreactivity by Elisa assay as described 
above. Fractions were pooled, concentrated using a Savant speed-vac and rechromatographed by HPLC on a CIS col- 
umn as described above. The final cys-bombesin product displayed a single peak in the HPLC chromatograph (see Rg- 
ure 28). 

The purified cys-bombesin was then used for reaction with ADM-HZN as follows: The purified cys-bombesin was 
made to about 5-8 mg/4 ml in 1 0 mM ammonium acetate (1 .25 - 2 mg/ml) based on the A280 of 2.08 for 1 mg/ml purified 
Lys^-bombesin. The pH was adjusted to 7.0 with 7 M NH4OH and then 2.5 - 4 mg of ADM-HZN. in 400 ^il methanol, 
was added. The solution was vortexed and left for 1 h at 20°C and then 12 h at 4°C with intermittent mixing. The cys- 
bombesin-ADM conjugate was separated from free drug by ion-exchange HPLC using the conditions outlined above for 
free peptide with the exception that the acetonitrile concentration was maintained at 40% throughout the separation. 
Fractions containing the conjugate were pooled, dried down on a Savant speed-vac, and dissolved in the starting buffer 
for the reverse phase HPLC separation, as outlined earlier Free peptide was then separated from the peptide-drug con- 
jugate by reverse phase HPLC chromatography (as described earlier for purification of free peptide). The column was 
monitored at 280 nm and 495 nm. Fractions containing the conjugate were pooled, dried down and stored at -20**C for 
further characterization. 

Alternatively, a bombesin-ADM conjugate was prepared wherein ADM was linked to the bombesin peptide at the 
lysine residue (Lys^) of the peptide. According to this method, bombesin (also termed Lys^-bombesin) was incubated 
with a 3 mole excess of SPDP at pH 8.5 for 1 h at 25*'C. The bombesin was separated from excess SPDP by C18 
reverse phase HPLC, reduced with excess DTT and then rechromatographed by CI 8 reverse phase HPLC as 
described above. The reduced peptide was then incubated with a 2 mole excess of ADM-HZN for 1 h at 25°C, followed 
by 14 h at 4°C. Attempts, however, to separate the peptide-drug conjugate from the drug were problematic for two rea- 
sons: 1) on C18 chromatography as described for the preparation of cys-bombesin above, the peptide-drug conjugate 
(detected by Elisa assay as described above) was hydrophobic and behaved very similarly to the ADM-HZN alone but 
different from the reduced peptide and 2) modification of the bombesin through the lysine^ residue alters the charge on 
the peptide, making it more difficult to separate from free drug by ion exchange chromatography. Coupling through a 
cys-bombesin peptide was therefore favored. 

Characterization Of The Bombesin-ADM Coniuoate 

The bombesin-ADM conjugate prepared from cys-bombesin as described above has the structure illustrated in fig- 
ure 27, the ADM being conjugated to a linker arm at the 13-keto position via an acylhydrazone bond. The linker, bridging 
the peptide and the drug, contained a disulfide bond within its structure. Figure 29 depicts a mass spectrum of the cys- 
bombesin-ADM conjugate. This analysis shows a molecular ion of 2357 which corresponds to the 1 :1 adduct of cys- 
bombesin and ADM. 

The cys-bombesin-ADM conjugate was tested for its ability to bind to bombesin receptors on the Swiss 3T3 cell 
line, a normal mouse fibroblast cell line obtained from the ATCC. Binding was measured using a conrpetition assay 
involving the use of ^^^l-labeled gastrin-releasing peptide (GRP). GRP, like bombesin, binds to the bombesin receptor 
on the surface of receptor-positive cells such as Swiss 3T3 cells. Thus, ^^^L-labeled GRP was incubated with increas- 
ing concentrations of cys-bombesin, GRP or the cysbombesin-ADM conjugate and specifically bound radioactivity was 
quantitated. In this way, inhibtion of ^^^l-QRP binding was measured. 

The assay was can-ied out as follows: The Swiss 3T3 cells were allowed to grow to confluence (5-7 days) in 150 
cm^ T-fiasks in MEM medium supplemented with 10% fetal bovine serum, penicillin (100 units/ml) and Btreptomycin 
(100 ^g/ml) (complete medium). After the cells reached confluency, the medium was replaced with MEM complete 
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medium suDDlemented with Insulin (5 ^gW), transferrin (5 ugAnl) and sodium selenite (5 ngMil). Ttie cells were incu- 

BSA (5 mg/ml). HEPES (4.7 mg/ml). insulin (5 ^9/mO. transferrin (5 ng/ml) and sodmm selenrte (5 ng/ml)L The ce Is 
were washed one time and passaged 3 times through a 22 gauge needle to obtain a single cell suspension. Next 10 
.1 of cys-bombesin, GRP or the bombesin-ADM conjugate at various dilutions (in tr.pl.ca e) were added to tub^con- 
tilg 5x10^ cells to which was also added 150 of ^«I-QRP (2 ng/ml 2000 Ci/mmot). The tubes were m,xed arxl 
iSted for 1 h at room temperature on a shaking ^atform. Cell-bound '^^i-grp was separated by centnfugaton at 
12,000 x g over a layer of 1 :1 dibutylphthalate;dioctylphthalate in a microfuge tube. The tubes were frozen on dry ice. 

and cell pellets cut off and counted in LKB 1 275 gamma counter. 

As demonstrated in FigureSO. there was specHic competition of ^25,.,abeled GRP binding to the3T3cellsbyQRP, 

cys-bombesin and the cys-bombesin- ADM conjugate. More importantly, there was no signrtigent difference in the com- 
petition curves of the three molecules indicating that they display similar affinities for the bombesin receptor. Thus the 
conjugation of ADM to bombesin does not disturb the binding activity of the peptide. »^sj°"'"9f^V''^"'"9 '^^^^ 
to bind to bombesin receptor-positive cells. Other studies performed in our labs have confirmed that cys-bombesin and 
bombesin display equivalent binding activities on receptor-positive cells. 

Cytotoxic Activity Of Tha Bombesin- ADM Coniuaate 

The cytotoxic activity of the cys-bombesin-ADM conjugate was determined using a ^H-thymidine "Ptaje assay. 
Accoding to this assay.cellsof various types that carry the bombesin receptor on their cell su^^^^^^^^ 
well microtiter plates (5000 cellsMell) and grown for 24 at 37-C in MEM medium. These cells '"eluded «^eSw,« 3T3 
fibroblast cell line described earlier, the SVT2 cell line, a transformed fibroblast cell Ime obtained from *e ATCC. and 
the HCT116 cell line, a colon carcinoma cell line described in Example 1. Dilutions were made cys^^^^J"* 
ADM conjugate, ADM, ADM-HZN. or a mixture of cys-bombesin-ADM plus 20 hqM bombesin, in HITS "^ed um con- 
taining RPM1 1640 medium, bovine serum albumin (5 mg/ml). HEPES (0.02 M). insulin (5 jxg/ml). transferr^ ^.'JS/"^'! 
and ^ium selente (5 ng/ml). Frfty ^1 of each dilution (in triplicate) of conjugate, drug or mixture ^^^^ f ^ed to tt^^e 
wells containing the cells and incubated at 37°C for a mininum of 1 h. Control wells were maintained to wh.chonh^ 
medium was added. The cells were then washed. 200 mI of fresh medium was added and the wells were incuteted for 
an1idlnal38-44hinHITS medium at37°Cinahumid. 5% CO^atmosphere. One 

NuSar) in 50 ^xl medium was added to each well and incubated for 4 h at 37»C. A soluton of trypsin (0^05%) .n EDTA 
(0 53 nM) was added for 15 min and the cells were harvested in a mash harvester. Filters were placed "P" 3a70B 
scintillation fluid and counted in a Beckman LS5801 scintillation counter. Cytotoxicrty was determined using the formula: 

», , u-u;.- 3u THtj Control (cpm) ■ E xperimental (cpm) 

% Inhibition H-TdR= Control (cpm) "xiuu 



We thus measured the inhibition of ^H-thymidine incorporation into the DNA of the bombesin-receptor-poative c^l 
lines in the presence of the conjugate of the invention and therefore, the cytotoxic °* »^ -ntnt more 
As shown in Figure 31 , the cys-bombesin-ADM conjugate was highly cytotoxic toward SVT2 cells and in fact, was more 
potent than free ADM or ADlJl-HZN.Aportion of thecytotoxic activity of the cys-bombesin-ADM w^^^ 
by excess bombesin (i.e.. the mixture of the conjugate plus bombesin), indicating that the conjugate's cytotoxic effect 
was due at least in part to spedfic binding of the conjugate to the bombesin receptor. As shown in Figures 32 and 33. 
the conjugate was also specHically cytotoxic (after a 2 h exposure) toward HCT1 16 and Swiss 3T3 cells. 

FXAMPLE 5 

The following example describes the preparation of another anthracycline-ligand conjugate of the invention, 
wherein ADM is conjugated to the polypeptide ligand. EGF, via a linker that is attached to the ADM by a 13-keto acyl- 
hydrazone bond. 

Preparation O f An EGF-ADM Coniuaate 

According to this embodiment of the invention, ADM was conjugated to a murine EOF purchased from Btom^ical 
Technologies, Inc. (Staughton, MA). The EGF was obtained from mouse submaxillary glands, purged by a modrf'cation 
of the procedure o Cohen. JJiL 237, pp. 1555-62 (1962) and purchased as a stenle ^y^^^'^^^^^\^fV*J^- 
201) afo.1 mg/amp. See also Savage et al., BIqI, gh^m.. 22, p. 7669 (1973). The peptide was ttien Violated using 
SPDP to introduce a reactive thiol group onto the peptide. In the case of murine EGF, however, there ar no interna 
fysine resSuS for attachment of SPDP and therefore, the only site for attachment of SPDP is at the amino-terminal 
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10 



15 



20 



does have internal lysine molecules. ^^^.inn of 1 0 mo/ml To this solution, 0.01 ml of 

Thus. EGF was first dissolved in 0.1 rnl PBS J-e a fu^^^^^^^^ Ex^^S^pTet for antibody thiolation) was 

SPDP (final concentration: 10 mM) (purchased and f„ Jlf ^f""^^^^ o 02 ml of DTT (50 mM) was added to 
added.'T>ie reaction mixture was incubat«l for 30^™ 

^TithiolatedmurineEOPwasthenrea^^^^^^^^^ 

in E^mple 1 above. For thin gnp^ a^^ ^^°'Zea^on r^i^^re wi incubated overnight at 4»C. and dialyzed 

^srs^jri^^^^^^^^ 

Purity of the conjugate was detetrn-nol by HPLC (s^^^^^^^^ unconjugated murine EGF (same 

packed wrth 5 mic>^n RP18 be^s. 

source and lot #) and unconjugated ADM. Samples « ^""teo w i ^Q^.f^^M conjugate of this invention, was 
emat 1.0 m^min. Asshown in Figure34. whenthec«^^^^^ 

.: .7^6,7W. Th. EOF.™ 
mree dlultais ol gncoqusMeiJ murne EGf (1 , » ' • JSTLl* H* ejpertnent sopponed Ihe conclusion of 

^srssrrni"^»rs^--^^^ 

p ^ tontinn Of Bir 'j-l ^'n'"'*" ^ The FCF-ADM ConjMqat^ 
Thereten«onofEGFbi.inga^ity.afte.hemica^^^^^^^^ 

radioisotope assay, using the A431 cell Cel d'Sin RPM1 1 640 growth medium con- 

tory can bind betweenMxIO^ molecules of EGF res^no^^^^^^^ 

taining 10% PCS. were plated in 96-well ";«^™«er plates (5x10 celteMeli) 24 ^^^^^ 
3. assa 'the A431 cells, which grow as ^"^'^S.tll L^^^^ 0.05 ml of 2.fold serially diluted EGF 

:s.rriirNS^^^^^^ 

40 1 272 gamma counter. . rorpntor on A431 cells is demonstrated in Figure 35, which 

The binding acth,«y of the ^G^'^^^'^^^^^^^^^^ of ^^^Mabeled EGF The data is 

compares the ability of increasing concentratons "! f '^'^^"'^^^^ „ radioactive counts at various con- 

presented as inhibition of ^^^l-EGF binding (Bmo) where Bjepresente IJe c^^^^^^^^^ ^^^^ 
Sections Of inhWor (B) divid^ by the c^l .^^^^^ 

'I^Z^^^Z:r.o:. U . s^. .oss . a^.. for the 
EGF receptor on A431 tumor target cells. 
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FXAMPLE 6 



13-keto acylhydrazone bond (see Figure 27). 
D,npa,^ tinn Of A T ri"'<"""-^r)M CnniuQate 
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in Example 1. Next, 135 ^1 Of ADM-HZN (2.1 mM) was added to 2.7 ml of thiolated transferrin in PBS buffer and the 
reaction mixture was incubated overnight at 4°C. The reaction mixture was th n centrifuged at 2000 rpm for 1 0 min and 
the transferrin-ADM conjugate was separated from unreacted ADM by passage through a PD-10 column. The void vol- 
ume containing the conjugate was collected and the molar ratio of ADM/transferrin was 4.6, using the Agao of 1 for 1 
5 mg/ml transferrin. 

Examples 4-6 demonstrate therefore the preparation of anthracycline-ligand conjugates wherein a cytotoxic 
anthracycline drug is linked to a ligand reactive with receptors associated with a selected celt population sought to be 
killed. The anthracycline is linked to the ligand via a novel acid-sensitive acylhdrazone linkage. The conjugates 
described herein retain both the capacity of the ligand to bind to its receptors as well as the cytotoxicity of the anthra- 
10 cyciine toward the cell population targeted via the ligand. 

While we have hereinbefore presented a number of embodiments of this invention, it is apparent that our basic con- 
struction can be altered to provide other embodiments which utilize the immunoconjugates and methods of this inven- 
tion. Therefore, it will be appreciated that the scope of this invention is to be defined by the claims appended hereto 
rather than by the specific embodiments which have been presented hereinbefore by way of example. 
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Claims 

Claims for the following ConUacting States : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE 

20 1 . An anthracycline-ligand conjugate comprising at least one anthracycline molecule linked to a ligand reactive with a 
selected cell population to be killed, the anthracycline having a keto group at the 0-13 position and being attached 
to the ligand via a linker arm, the linker arm being covalently bound to the anthracycline by an acylhydrazone link- 
age at the 13-keto position of the anthracycline; 

wherein the linker arm additionally contains a disulfide bond or thioether bond; and 
25 wherein the ligand is selected from the group consisting of bombesin, EGF, transfenin. gastrin, gastrin-releasing 
peptide, platelet-derived growth factor, IL-2, IL-6, TGF-a, VGF, TGF-j3. insulin and insulin-like growth factors I and 
II; or from the group consisting of carbohydrates, steroids and lectins. 

2. The conjugate of claim 1 , wherein 

30 the anthracycline is selected from the group consisting of adriamycin, daunomycin, detorubicin, carminomycin, ida- 
rubicin, epirubicin. esorubicin, 4*-THP -adriamycin, AD-32 and 3'-deamino-3'-(3-cyano-4-morpholinyl)-doxorubicin, 

3. The conjugate of claim 1 . wherein the ligand is bombesin and the anthracycline is adriamycin. 
35 4. The conjugate of claim 1 , wherein the ligand is EGF and the anthracycline is adriamycin. 

5. The conjugate of claim 1 , wherein the ligand is transferrin and the anthracycline is adriamycin. 

6. A method of preparing the anthracycline-ligand conjugate of claim 1 , comprising the steps of: 

40 

a) reacting the ligand with a thiolating agent; and 

b) reacting the thiolated ligand with an acylhydrazone of the formula: 



45 



50 



55 
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^-C-(CH2)„-S-S-R2 




wherein: 

is CH3. CH2OH. CH20CO(CH2)3CH3 or CHaOCOCHCOCaHsjg; 
r2 is 



wherein X s= H, NO2 or halogen; 
is OCH3, OH or hydrogen; 

R"* is NH2, NHCOCF3, 4-morphormyl, 3K;yano-4-nnorpholinyl, 1-pipericlinyi, 4-methoxy-1-piperclinyl, benzyl 
amine, dibenzyl amine, cyanomethyl amine or 1 -cyano-2-methoxyetbyl amine; 
R^ is OH, 0-THP or hydrogen; 

R^ is OH or hydrogen, provided that R® is not OH when R^ is OH or 0-THP; and 
n is an integer from 1 to 10, inclusive. 

or of the formula: 




wherein: 

R^ is CH3. CH2OH, CH20C0(CH2)3CH3 or CH20C0CH(0C2H5)2; 
is OCH3, OH or hydrogen; 

R** is NH2, NHCOCF3, 4-morpholinyl, 3-cyano-4-morpholinyl, 1-piperidinyl. 4-methoxy-1i3iperdinyl, benzyl 
amine, dibenzyl amine, cyanomethyl amine or 1 -cyano-2-methoxyethyl amine; 
R^ is OH, 0-THP or hydrogen; 
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is OH or hydrogen, provided that is not OH when R^ is OH or 0-THP; and 
n is an integer from 1 to 10, inclusive, 

or of the formula; 




20 

wherein: 

R^ is CH3, CH2OH, CH20C0(CH2)3CH3 or CHgOCOCHCOCaHsja; 
r2 is 



wherein X = H. NO2 or halogen; 
R^ is OCH3, OH or hydrogen; 

and are independently hydrogen, alky), substituted alkyi, cycloalkyi, substituted cycloalkyi, aryl, substi- 
35 tuted aryl. araikyi or substituted aralkyi; or R"*, R^ and N together form a 4-7 membered ring, wherein said ring 

may be optionally substituted; 

is OH. O-THP or hydrogen; 
R^ is OH or hydrogen, provided that R^ is not OH when R^ is OH or O-THP; and 
n is an integer from 1 to 10, inclusive. 

40 

7. The method of claim 6, wherein the acylhydrazone is ADM-HZN. 

8. A method of preparing the anthracycline-iigand conjugate of claim 1 , comprising the steps of: 

45 a) reacting SPDP with hydrazine to form a 3-(2-pyridylthio)propionyl hydrazide; 

b) reacting adriamycin-hydrochloride with said hydrazide to form ADM-HZN; and 

c) reacting ADM-HZN with a ligand to which thiol groups have been attached, the ligand being reactive with a 
selected cell population to be killed. 

50 9. A method of preparing the anthracycline-ligand conjugate of claim 1 , comprising the steps of: 

a) reacting SPDP with hydrazine to form a 3-(2-pyridylthio)propionyl hydrazide; 

b) reacting adriamycin-hydrochloride with said hydrazide to form ADM-HZN; 

c) treating said ADM-HZN with a reducing agent to form 1 3-[3-(mercaptopropionyl)]adriamycin hydrazone; and 
55 d) reacting said hydrazone with a ligand to which maleimide groups have been attached, the ligand being reac- 
tive with a selected eel) population to be killed. 

10. A pharmaceutically acceptable composition useful in the treatment of diseases, in particular cancers, non-malig- 
nant tumors, non-cytocidal viral or pathogenic infections, and autoimmune disorders, which comprises a pharma- 
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ceutically effective amount of at least one anthracydine-ligand conjugate according to anyone of claims 1 to 5 and 
a pharmaceutically acceptable carrier. 

11. A process for preparing the pharmaceutical composition of claim 10 which comprises incorporating at least one 
5 anthracycline-iigand conjugate according to anyone of claims 1 to 5 into a pharmaceutically acceptable carrier. 

12. The use of at least one anthracycline-ligand conjugate according to anyone of claims 1 to 5 for preparing a phar- 
maceutical composition for delivering anthracyctine to a selected cell population to be killed, for treating mamma- 
lian diseases selected from the group consisting of cancers, non-malignant tumors, non-cytocidal viral or 

10 pathogenic infections and autoimmune disorders and for treating mammalian tumors. 

13. The use of more than one conjugate according to any one of claims 1 to 5 comprising a molecule reactive with a 
selected cell population to be killed for preparing a pharmaceutical composition for delivering a combination of 
anthracyclines to said cell population, the cell-reactive molecule of each conjugate being reactive with the same or 

15 a different antigen, epitope or receptor associated with said cell population and the anthracyctine of each conjugate 
being the same or different. 

Claims for ttie following Contracting State : ES 

20 1 . A method of preparing an anthracycline-ligand conjugate comprising at least one anthracycline molecule linked to 
a ligand reactive with a selected cell population to be killed, the anthracycline having a keto group at the C-13 posi- 
tion and being attached to the ligand via a linker arm, the linker arm being covaiently bound to the anthracycline by 
an acylhydrazone linkage at the 13-keto position of the anthracycline; wherein the linker arm additionally contains 
a disulfide bond or thioether bond; and 

25 wherein the ligand is selected from the group consisting of bombesin, EGF, transferrin, gastrin, gastrin-releasing 
peptide, platelet-derived growth factor, lL-2, lL-6, TGF-a, VGF, TGF-p, insulin and insulin-like growth factors I and 
II; or from the group consisting of carbohydrates, steroids and lectins, which method comprises the steps of 

a) reacting the ligand with a thiolating agent; and 
30 b) reacting the thiolated ligand with an acylhydrazone of the formula: 
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is OCH3, OH or hydrogen; 

is NH2, NHCOCF3, 4-morpholiny1, 3-cyano-4-morpholinyl, 1-piperidinyl, 4-methoxy-1-piperdinyi, benzyl 
amine, dibenzyl amine, cyanometliyl amine or 1 -cyano-2-methoxyethyl amine; 
R^ is OH. 0-THP or hydrogen; 

R^ is OH or hydrogen, provided that is not OH when R^ is OH or 0-THP; and 
n is an integer from 1 to 10, inclusive, 

or of the formula: 




wherein: 

R^ is CH3, CH2OH, CH20CO(CH2)3CH3 or GH20COCH(OG2H5)2; 
R^ is OCH3, OH or hydrogen; 

R'* is NH2, NHCOCF3, 4-morpholinyl, 3-cyano-4-morpholinyl, 1-piperidinyl, 4-methoxy-1-piperdinyl, benzyl 
amine, dibenzyl amine, cyanomethyl amine or 1-cyano-2-methoxyethyl amine; 
R^ is OH, 0-THP or hydrogen; 

R^ is OH or hydrogen, provided that R^ is not OH when R^ is OH or 0-THP; and 
n is an integer from 1 to 10. inclusive. 

or of the formula: 




wherein: 

R^ is CH3. CH2OH. CH20CO(CH2)3CH3or CH20COCH(OG2H5)2; 
r2 is 
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wherein X = H. NO2 or halogen; 
is OCH3, OH or hydrogen; 

and R^ are independently hydrogen, alkyt, substituted alkyl, cycloalkyl. substituted cycloalkyl. aryl, substi- 
tuted aryl, aralkyi or substituted aralkyi; or R"*, R^ and N together form a 4-7 membered ring, wherein said ring 
may be optionally substituted; 
R^ is OH. 0-THP or hydrogen; 

R^ is OH or hydrogen, provided that R^ is not OH when R^ is OH or O-THP; and 
n is an integer from 1 to 10, inclusive. 

2. The method of claim 1 , wherein 

the anthracyciine is selected from the group consisting of adriamycin, daunomycin, detorubicin, carminomycin, ida- 
rubicin, epirubicin, esorubicin, 4'-THP-adriamycin, AD-32 and 3*-deamino-3'-(3-cyano-4-morpholinyl)-doxorubicin, 

3. The method of claim 1 , wherein the ligand is bombesin and the anthracyciine is adriamycin. 

4. The method of claim 1 . wherein the ligand is EOF and the anthracyciine is adriamycin. 

5. The method of ciaim 1 , wherein the ligand is transferrin and the anthracyciine is adriamycin. 

6. The method of claim 1 , wherein the acylhydrazone is ADM-HZN. 

7. A method of preparing the anthracycline-ligand conjugate as defined in claim 1 . comprising the steps of: 

a) reacting SPDP with hydrazine to form a 3-(2-pyridyithio)propionyi hydrazide; 

b) reacting adriamycin -hydrochloride with said hydrazide to form ADM-HZN; ard 

c) reacting ADM-HZN with a ligand to which thiol groups have been attached, the ligand being reactive with a 
selected cell population to be killed. 

8. A method of preparing the anthracycline-ligand conjugate as defined in claim 1 , comprising the steps of: 

a) reacting SPDP with hydrazine to form a 3-(2-pyridylthio)propionyl hydrazide; 

b) reacting adriamycin -hydrochloride with said hydrazide to form ADM-HZN; 

c) treating said ADM-HZN with a reducing agent to form 13-[3-(mercaptopropiony1)]adriamycin hydrazone; and 

d) reacting said hydrazone with a ligand to which maleimide groups have been attached, the iigand being reac- 
tive with a selected cell population to be killed. 

9. A method for preparing the pharmaceutical composition useful in the treatment of diseases, in particular cancers, 
non-malignant tumors, non-cytocidal viral or pathogenic infections, and autoimmune disorders which comprises 
incorporating at least one anthracycline-ligand conjugate prepared according to anyone of claims 1 to 8 into a phar- 
maceutically acceptable carrier. 

1 0. The use of at least one anthracycline-ligand conjugate as prepared according to anyone of claims 1 to 8 for prepar- 
ing a pharmaceutical composition for delivering anthracyciine to a selected cell population to be killed, for treating 
mammalian diseases selected from the group consisting of cancers, non-malignant tumors, non-cytocidal viral or 
pathogenic infections and autoimmune disorders and for treating mammalian tumors. 

1 1 . The use of more than one conjugate as prepared according to anyone of claims 1 to 8 comprising a molecule reac- 
tive with a selected cell population to be killed for preparing a pharmaceutical composition for delivering a combi- 
nation of anthracydines to said cell population, the cell-reactive molecule of each conjugate being reactive with the 
same or a different antigen, epitope or receptor associated with said cell population and the anthracyciine of each 
conjugate being the same or different. 
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Claims for the following Contracting State : GR 

1 . An anthracycline-ligand conjugate comprising at least one anthracycline molecule linked to a ligand reactive with a 
selected cell population to be killed, the anthracycline having a keto group at the C-13 position and being attached 
to the ligand via a (inker arm, the (inker arm being covaiently bound to the anthracyc(ine by an acyihydrazone link- 
age at the 13-keto position of the anthracycline; 

wherein the linker arm additionally contains a disulfide bond or thioether bond; and 

wherein the ligand is selected from the group consisting of bombesin, EGF, transfen-in. gastrin, gastrin-releasing 
peptide, platelet-derived growth factor. lL-2, lL-6. TGF-a, VGF. TGF-p, insulin and insulin-like growth factors I and 
II; or from the group consisting of carbohydrates, steroids and lectins. 

2. The conjugate of claim 1 , wherein 

the anthracycline is selected from the group consisting of adriamycin, daunomycin, detorubicin, carminomycin, ida- 
rubicin. epirubicin, esorubicin, 4'-THP-adriamycin. AD-32 and 3'-deamino-3'-(3-cyano-4-morpholinyl)<loxorubicin. 

3. The conjugate of claim 1 , wherein the ligand is bombesin and the anthracycline is adriamycin. 

4. The conjugate of claim 1 , wherein the ligand is EGF and the anthracycline is adriamycin. 

5. The conjugate of claim 1 , wherein the ligand is transferrin and the anthracycline is adriamycin. 

6. A method of preparing the anthracycline-ligand conjugate of claim 1 , comprising the steps of: 

a) reacting the ligand with a thiolating agent; and 

b) reacting the thiolated ligand with an acylhydrazone of the formula: 




wherein: 

is CH3, CH2OH. CH20CO(CH2)3CH3 or CH20COCH(OC2H5)2; 
R2 is 



wherein X = H, NO2 or halogen; 
is OCH3, OH or hydrogen; 

R"* is NH2, NHGOCF3, 4-morpholinyl, 3-cyano-4-morpholinyl, 1-piperidinyl, 4-methoxy-1-piperdinyl. benzyl 
amine, dibenzyl amine, cyanomethyl amine or 1-cyano-2-methoxyethyl amine; 
R^ is OH, 0-THP or hydrogen; 
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is OH or hydrogen, provided that Is not OH when is OH or 0-THP; and 
n is an integer from 1 to 10, inclusive, 

or of the formula: 




wherein: 

is CH3, CH2OH . CH20C0(CH2)3CH3 or CHgOCOCHpCgHgjs: 
R^ is OCH3. OH or hydrogen; 

R** is NH2. NHCOCF3, 4-morpholinyi, 3-cyano-4-morpholinyl, 1 -piperidinyl. 4-methoxy-1-piperdinyl, benzyl 
amine, dibenzyl amine, cyanomethyl amine or 1 -cyano-2-methoxyethyl amine; 
R^ is OH, 0-THP or hydrogen; 

R® is OH or hydrogen, provided that R® is not OH when R^ is OH or 0-THP; and 
n is an integer from 1 to 10, inclusive 

or of the formula: 




wherein: 

R^ is CH3. CH2OH, CH20CO(CH2)3CH3 or CH20COCH(OC2H5)2; 
r2 is 

wherein X = H, NO2 or halogen; 
R^ is OCH3, OH or hydrogen; 
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and R' are independently hydrogen, atkyi, substituted alkyi, cycloalkyl. substituted cycloalkyl. aryl, substi- 
tuted aryl, aralkyl or substituted aralkyi; or R"*, and N together form a 4-7 membered ring, wherein said ring 
may be optionally substituted; 
R^ is OH, 0-THP or hydrogen; 
5 R^ is OH or hydrogen, provided that R® is not OH when R^ is OH or 0-THP; and 

n is an integer from 1 to 10. inclusive. 

7. The method of claim 6. wherein the acylhydrazone is ADM-HZN. 

10 8. A method of preparing the anthracycline-ligand conjugate of claim 1 , comprising the steps of: 

a) reacting SPDP with hydrazine to form a 3-(2-pyridylthio)propionyl hydrazide; 

b) reacting adriamycin-hydrochloride with said hydrazide to form ADM-HZN; and 

c) reacting ADM-HZN with a ligand to which thiol groups have been attached, the ligand being reactive with a 
15 selected cell population to be killed. 

9. A method of preparing the anthracycline-ligand conjugate of claim 1 . comprising the steps of: 

a) reacting SPDP with hydrazine to form a 3-(2-pyrfdylthio)propionyl hydrazide; 
20 b) reacting adriamycin-hydrochloride with said hydrazide to form ADM-HZN; 

c) treating said ADM-HZN with a reducing agent to form 1 3-[3-(mercaptopropionyl)]adriamycin hydrazone; and 

d) reacting said hydrazone with a ligand to which maleimide groups have been attached, the ligand being reac- 
tive with a selected cell population to be killed. 

25 1 0. A process for preparing the pharmaceutical composition useful in the treatment of diseases, in particular cancers, 
non-malignant tumors, non-cytocidal viral or pathogenic infections, and autoimmune disorders which process com- 
prises incorporating at least one anthracycline-ligand conjugate according to anyone of claims 1 to 5 into a phar- 
maceutical acceptable carrier. 

30 1 1 . The use of at least one anthracycline-ligand conjugate according to anyone of claims 1 to 5 for preparing a phar- 
maceutical composition for delivering anthracycline to a selected cell population to be killed, for treating mamma- 
lian diseases selected from the group consisting of cancers, non-malignant tumors, non-cytocidal viral or 
pathogenic infections and autoimmune disorders and for treating mammalian tumors. 

35 12. The use of more than one conjugate according to any one of claims 1 to 5 comprising a molecule reactive with a 
selected cell population to be killed for preparing a pharmaceutical composition for delivering a combination of 
anthracycllnes to said cell population, the cell-reactive molecule of each conjugate being reactive with the same or 
a different antigen, epitope or receptor associated with said cell population and the anthracycline of each conjugate 
being the same or different. 

40 

Patentanspruche 

PatentansprQche fOr folgende Vertragsstaaten : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE 

45 1 . Anthracyclin-Ligand-Konjugat, umfassend wenigstens ein Anthracyclinmolekul, das mit einem Ugandan verknupft 
ist, der gegenuber einer bestimmten, abzutOtenden Zellpopulation reaktiv ist. wobei das Anthracyclin eine Keto- 
gruppe an der C-13-Position aufweist und uber einen Linker-Arm mit dem Ugandan verknupft ist, wobei der Linker- 
Arm durch eine Acylhydrazonbindung an der 13-Keto-Position des Anthracyclins kovalent an das Anthracyclin 
gebunden ist; wobei der Linker-Arm zusdtzlich eine Disulf idbindung Oder eine Thioetherbindung enthSIt; und wobei 

50 der Ligand ausgewShlt ist unter Bombesin, EGF, Transferrin, Gastrin, Gastrin-freisetzendem Peptid, von TTirombo- 
zyten gebildetem Wachstumsfaktor, IL-2, IL-6, TGF-a, VGF, TGF-p. Insulin und den Insulin-ahnlichen Wachstums- 
faktoren I und II; Oder unter Kohlenhydraten. Steroiden und Lectinen. 

2. Konjugat nach Anspruch 1, worin das Anthracyclin ausgewahit ist unter Adriamycin, Daunomycin, Detorubicin. 
55 Carminomycin, Idarubicin, Epirubicin. Esorubicin, 4'-THP -adriamycin. AD-32 und 3'-Deamino-3'-(3-cyano-4-mor- 

pholinyl)-doxorubicin. 

3. Konjugat nach Anspruch 1 . worin der Ligand Bombesin und das Anthracyclin Adriamycin ist. 
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Konjugat nach Anspruch 1 , worin der Ligand EGF und das Anthracyclin Adriamycin ist. 
Konjugat nach Anspruch 1 . worin der Ligand Transferrin und das Anthracyclin Adriamycin ist. 
Verfahren zur Herstellung eines Anthracyclin-Ugand-Konjugates. welches folgende Stufen umfafit: 

a) Reaktion des Uganden mit einem Thiotierungsmrttel und 

b) Reaktion des thiolierten Liganden mit einem Acylhydrazon der Formel: 




worin 

fur CH3, CH2OH, CH20CO(CH2)3CH3 Oder CHgOCOCH (OCaHgjg steht; 
r2 for 

X Oder ^J^^^^ * 



steht, 

worin X = H. NO2 Oder Halogen ist; 
r2 fur OCH3. OH Oder Wasserstoff steht: 

R^fur NH2, NHCOCF3, 4-Morpholinyl, 3-Cyano-4-morpholinyj, 1 -Piperidinyl, 4-Methoxy-1-piperidinyl, Benzyl- 
amin, Dibenzylamin, Cyanomethylamin oder 1 -Cyano-2-methoxyethytamin steht; 
R^ fur OH. O'THP oder Wasserstoff steht; 

R® fur OH Oder Wasserstoff steht. mit der Ma3gabe, da3 R® nicht fOr OH steht, wenn R^ fQr OH oder 0-THP 
steht; und 

n fur eine ganze Zahi von 1 bis 10. einschlleBlich, steht; 
Oder der Formel: 
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worin 

fOr CH3. CH2OH. CHsOCOCCHalaCHg oder CH20COCH{OC2H5)2 steht; 

fur OCH3, OH Oder Wasserstoff steht; 
R^ fur NH2, NHCOCF3, 4-Morpholinyl. 3-Cyano-4-morpholinyl, 1-Piperidinyl, 4-Methoxy-1-piperidinyl, Benzyl- 
amin, Dibenzylamin, Cyanomethylamin oder 1-Cyano-2-methoxyethylamin steht; 
R^ fur OH, 0-THP oder Wasserstoff steht; 

for OH Oder Wasserstoff steht, mit der MaI3gabe, daB R® nicht fur OH steht, wenn R^ fur OH oder 0-THP 
steht; und 

n fur eine ganze Zahl von 1 bis 10. einschlief3lich, steht, 
Oder der Formel: 




worin 

R^ fur CH3, CH2OH. CH20CO(CH2)3CH3 oder CH20C0CH(0C2H5)2 steht; 
r2 fur 

steht, 

worin X = H, NO2 oder Halogen ist; 
r3 fur OCH3. OH Oder Wasserstoff steht; 

und R^ unabhdngig fur WSasserstoff, Aikyl. substituiertes Alkyf. CydoaikyI, substituiertes Cycloalkyf. Aryl. 
substituiertes Aryl, AralkyI oder substituiertes AralkyI stehen; oder R^. R^ und N zusammen einen 4-7-gliedri- 
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gen Ring bilden. wobei der Ring gegebenenfalls substituiert sein kann; 

fur OH. 0-THP Oder Wasserstoff steht; 
R® fur OH Oder Wasserstoff steht, mit der MaRgabe, da3 R^ nicht fur OH steht. wenn R^ fur OH oder 0-THP 
steht; und 

n fOr eine ganze Zahl von 1 bis 10, einschlieBlich, steht. 

7. Verfahren nach Anspruch 6, wobei das Acyihydrazon ADM-H2N ist. 

8. Verfahren zur Hersteliung eines Anthracyclin-Ugand-Konjugates nach Anspruch 1, welches folgende Stufen 
umfaRt: 

a) Umsetzung von SPDP mit Hydrazin unter Bildung von 3-(2-Pyridylthio)propionylhydra2id; 

b) Umsetzung von Adriamycinhydrochlorid mit dein Hydrazid unter Bildung von ADM-HZN; und 

c) Umsetzung von ADM-HZN mit einem Ugandan, an den Thiolgruppen gebunden sind. wobei der Ugand mit 
einer ausgewdhlten Zellpopulation reagiert, die abgetotet werden soil. 

9. Verfahren zur Hersteliung eines Anthracyclin-Ligand-Konjugates nach Anspruch 1. welches folgende Stufen 
umfa3t: 

a) Umsetzung von SPDP mit Hydrazin unter Bildung von 3-(2-Pyridylthio)propionylhydrazid; 

b) Umsetzung von Adriamycinhydrochlorid mit dem Hydrazid unter Bildung von ADM-HZN; 

c) Behandlung von ADM-HZN mit einem Reduktionsmittel unter Bildung von 13-[3-{Mercaptopropionyt)]adria- 
mycinhydrazon; und 

d) Umsetzung des Hydrazons mit einem Uganden, an den Maleimidgruppen gebunden sind, wobei der Ligand 
mit einer ausgewdhlten Zellpopulation reagiert, die abgetOtet werden soil. 

10. Pharmazeutisch vertrSgliche Zusammensetzung zur Behandlung von Erkrankungen, insbesondere Krebs, nicht- 
malignen Tumoren, nicht-cytociden viralen oder pathogenen Infektionen und Autoimmunerkrankungen, die eine 
pharmazeutisch wirksame Menge wenigstens eines Anthracyclin-Ugand-Konjugates nach einem der Ansprtiche 1 
bis 5 und einen pharmazeutisch vertr^glichen Trager unrrfaBt. 

11. Verfahren zur Hersteliung einer pharmazeutischen Zusammensetzung nach Anspruch 10, umfassend die Auf- 
nahme wenigstens eines Anthracyclin-Ugand-Konjugates nach einem der Anspruche 1 bis 5 in einem pharmazeu- 
tisch vertrSglichen Trager. 

12. Verwendung wenigstens eines Anthracyclin-Ugand-Konjugates nach einem der Anspruche 1 bis 5 zur Hersteliung 
einer pharmazeutischen Zusammensetzung zur Abgabe von Anthracyclin an eine ausgewdhlte Zellpopulation, die 
abgetOtet werden soli, zur Behandlung von Erkrankungen bei Sfiugetieren, ausgewahit unter Krebs. nicht-mali- 
gnen Tumoren, nicht-cytociden viralen oder pathogenen Infektionen und Autoimmunerkrankungen, und zur 
Behandlung von Tumoren bei SSugetieren. 

13. Venwendung von mehr ats einem Anthracyclin-Ugand-Konjugat nach einem der Anspruche 1 bis 5, umfassend ein 
mit einer ausgewahlten Zellpopulation, die abgetOtet werden soil, reagierendes Molekul, zur Hersteliung einer 
pharmazeutischen Zusammensetzung zur Abgabe einer Kombination von Anthracyclinen an die Zellpopulation, 
wobei das zellreaktive Motekut jedes Konjugates mit demselben oder einem anderen mit der Zellpopulation asso- 
ziierten Antigen, Epitop Oder Rezeptor reagiert und das Anthracyclin jedes Konjugates gieich Oder verschieden ist. 

PatentansprQche fOr folgenden Vertragsstaat : ES 

1 . Verfahren zur Hersteliung eines Anthracyclin-Ugand-Konjugates. umfassend wenigstens ein Anthracyclinmolekul, 
das mit einem Uganden verknOpft ist, der gegenOber einer bestimmten, abzutOtenden Zellpopulation reaktiv ist, 
wobei das Anthracyclin eine Ketogruppe an der C-13-Posltion aufweist und Ober einen Unker-Arm mit dem Ugan- 
den verknOpft ist, wobei der Unker-Arm durch eine Acylhydrazonbindung an der 13-Keto-Position des Anthracyc- 
lins kovalent an das Anthracyclin gebunden ist; 

wobei der Unker-Arm zusatzlich eine Disulfidbindung oder eine Thioetherbindung enthait; und 
wobei der Ugand ausgewahit ist unter Bombesin, EGF, Transferrin, Gastrin, Gastrin-freisetzendem Peptid, von 
Thrombozyten gebildetem Wachstumsfaktor, IL-2, lL-6. TGF-a. VGF, TGF-p. Insulin und den Insulin-ahnlichen 
Wachstumsfaktoren I und II; oder unter Kohlenhydraten, Steroiden und Lectinen. wobei das Verfahren folgende 
Stufen umfaBt: 
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a) Reaktion des Liganden mit einem Thiolierungsmittel und 

b) Reaktion des thiolierten Liganden mit einem Acylhydrazon der Formel: 




worin 

R^ fur CH3. CH2OH. CH20CO{CH2)3CH3 Oder CH20COCH(OC2H5)2 steht; 
r2 fur 




steht. 

worin X = H, NO2 Oder Halogen ist; 
P? fur OCH3, OH Oder Wasserstoff steht: 

R'^fur NH2. NHCOCF3, 4-Morpholinyl, 3-Cyano-4-morpholinyl. 1-Piperidinyl, 4-Methoxy-1-piperidinyl, Benzyl- 
amin, Dibenzylamin. Cyanomethylamin oder 1-Cyano-2-methoxyethylamin steht; 
r5 fur OH, 0-THP oder Wasserstoff steht; 

R® fur OH Oder Wasserstoff steht, mit der MaBgabe, daB R® nicht fur OH steht. wenn R^ fur OH oder 0-THP 
steht; und 

n fur eine game Zahi von 1 bis 10. einschlie(3lich, steht; 
Oder der Formel: 




worin 
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for CH3. CH2OH. CH20CO(CH2)3CH3 cxler CH20COCH(OC2H5)2 steht; 
r3 fQr OCH3. OH Oder Wasserstoff steht; 

R'^fOr NH2. NHCOCF3, 4-Morpholinyl. 3-Cyano-4-morpholinyl. 1-Piperidinyl. 4-Methoxy-1-piperidinyl. Benzyl- 
amin, Dibenzylamin, Cyanomethylamin oder 1-Cyano-2-methoxyethylannin steht; 
R^ for OH, 0-THP cxler Wasserstoff steht; 

R® fur OH Oder Wasserstoff steht, mit der MaBgabe. daB R^ nicht fur OH steht. wenn R^ fur OH oder 0-THP 
steht; und 

n fur eine ganze Zahl von 1 bis 10, einschlieBlich, steht, 
Oder der Formel: 




worin 

R^ fur CH3, CH2OH, CH20CO{CH2)3CH3 oder CH20COCH(OC2H5)2 steht: 
r2 fur 

steht. 

worin X = H, NO2 oder Halogen ist; 
r2 fur OCH3, OH Oder Wasserstoff steht; 

R"^ und R^ unabhangig fur Wasserstoff. AlkyI, substituiertes AlkyI, Cycloalkyt. substituiertes Cycioalkyl. Aryl, 
substituiertes Aryl. AralkyI oder substituiertes Aralkyl stehen; oder R"^, R^ und N zusammen einen 4-7-gliedrj- 
gen Ring bilden. wobei der Ring gegebenenfails substituiert sein kann; 
R^ fur OH. O-THP Oder Wasserstoff steht; 

R® fur OH Oder Wasserstoff steht. mit der MaBgabe. daB R^ nicht fur OH steht. wenn R^ fur OH oder 0-THP 
steht; und 

n fQr eine ganze Zahl von 1 bis 10, einschlieBIich, steht 

Verfahren nach Anspruch 1. worin das Anthracyclin ausgewShlt ist unter Adriamycin, Daunomycin, Detorubicin, 
Garminomycin, Idarubicin, Epirubicin, Esorubicin, 4'-THP-adriamycin, AD-32 und 3'-Deamino-3*-(3-cyano-4-mor- 
pholinyi)-doxorubicin. 

Verfahren nach Anspruch 1 , worin der Ligand Bombesin und das Anthracyclin Adriamycin ist. 
Verfahren nach Anspruch 1 , worin der Ligand EGF und das Anthracyclin Adriamycin ist. 
Verfahren nach Anspruch 1 , worin der Ligand Transferrin und das Anthracyclin Adriamycin ist. 
Verfahren nach Anspruch 1 . wobei das Acylhydrazon ADM-HZN ist 
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7. Verfahren zur Herstellung eines in Anspruch 1 definierten Arrthracyclin-Ugand-Konjugates, welches folgende Stu- 
fen umfaBt; 

a) Umsetzung von SPDP mit Hydrazin unter Bildung von 3-(2-Pyridylthio)propionylhydra2id; 

b) Umsetzung von Adriamycinhydrochlorid mit dem Hydrazid unter Bildung von ADM-HZN; und 

c) Umsetzung von ADM-HZN mit einem Liganden. an den Thiolgruppen gebunden sind. wobei der Ugand mit 
einer ausgewahlten Zellpopulation reagiert, die abgetotet werden soil. 

8. Verfahren zur Herstellung eines in Anspruch 1 definierten Anthracyclin-Ligand-Konjugates, welches folgende Stu- 
fen umfaBt: 

a) Umsetzung von SPDP mit Hydrazin unter Bildung von 3-(2-Pyridylthio)propionylhydrazid; 

b) Umsetzung von Adriamycinhydrochlorid mit dem Hydrazid unter Bildung von ADM-HZN; 

c) Behandlung von ADM-HZN mit einem Reduktionsmittel unter Bildung von 13-[3-(Mercaptopropiony()]adria- 
mycinhydrazon; und 

d) Umsetzung des Hydrazons mit einem Liganden. an den Maleimidgruppen gebunden sind, wobei der Ugand 
mit einer ausgewdhtten Zellpopulation reagiert. die abgetotet werden soil. 

9. Verfahren zur Herstellung einer pharmazeutischen Zusammensetzung zur Behandlung von Erkrankungen, insbe- 
sondere Krebs, nicht-malignen Tumoren, nicht-cytociden viralen oder pathogenen Infektionen und Autoimmuner- 
krankungen, umfassend die Aufnahme wenigstens eines Anthracyclin-Ugand-Konjugates, hergestellt nach einem 
der Anspruche 1 bis 8 in einem pharmazeutisch vertraglichen Trager. 

10. Verwendung wenigstens eines Anthracyclin-Ligand-Konjugates, hergestellt nach einem der AnsprOche 1 bis 8 zur 
Herstellung einer pharmazeutischen Zusammensetzung zur Abgabe von Anthracyclin an eine ausgewShlte Zellpo- 
pulation, die abgetatet werden soil, zur Behandlung von Erkrankungen bei Saugetieren. ausgewahtt unter Krebs, 
nicht-malignen Tumoren, nicht-cytociden viralen Oder pathogenen Infektionen und Autoimmunerkrankungen, und 
zur Behandlung von Tumoren bei Saugetieren. 

1 1 . Venwendung von mehr afs einem Anthracyclin-Ugand-Kbnjugat herstedt nach einem der Ansprtiche 1 bis 8. umfas- 
send ein mit einer ausgewahlten Zellpopulation, die abgetdtet werden soil, reagierendes Molekul. zur Herstellung 
einer pharmazeutischen Zusammensetzung zur Abgabe einer Kombination von Anthracyclinen an die Zellpopula- 
tion, wobei das zellreaktive Molekul jedes Kbnjugates mit demselben oder einem anderen mit der Zellpopulation 
assoziierten Antigen, Epitop oder Rezeptor reagiert und das Anthracyclin jedes Konjugates gleich oder verschie- 
den ist. 

Patentanspruche fur folgenden Vertragsstaat : GR 

1. Anthracyclin-Ugand-Konjugat, umfassend wenigstens ein Anthracyclinmolekul, das mit einem Liganden verknupft 
ist, der gegenuber einer bestimmten, abzutfitenden Zellpopulation reaktiv ist, wobei das Anthracyclin eine Keto- 
gruppe an der C-13-Position aufweist und Qber einen Linker-Arm mit dem Liganden verknOpft ist. wobei der Linker- 
Arm durch eine Acyihydrazonbindung an der 13-Keto- Position des Anthracyclins kovalent an das Anthracyclin 
gebunden ist; wobei der Linker-Arm zusatzlich eine Disulf idbindung oder eine Thioetherbindung enthait; und wobei 
der Ligand ausgewahit ist unter Bombesin. EGF, Transferrin, Gastrin, Gastrin-freisetzendem Peptid, von Thrombo- 
zyten gebildetem Wachstumsfaktor, IL-2, IL-6, TGF-a, VQF, TGF-p, Insulin und den Insulin-ahnlichen Wachstums- 
faktoren I und II; Oder unter Kbhienhydraten, Steroiden und Lectinen. 

2. Konjugat nach Anspruch 1, worin das Anthracyclin ausgewahit ist unter Adriamycin, Daunomycin, Detorubidn, 
Carminomycin. Idarubicin, Epirubidn, Esorubicin, A'-THP-adriamycin, AD-32 und 3*-Deamino-3'-(3-cyano-4-mor- 
pholinyl)-doxorubicin. 

3. Konjugat nach Anspruch 1 , worin der Ligand Bombesin und das Anthracyclin Adriamycin ist. 

4. Konjugat nach Anspruch 1 , worin der Ligand EGF und das Anthracyclin Adriamycin ist. 

5. Konjugat nach Anspruch 1 , worin der Ligand Transfen"in und das Anthracyclin Adriamycin ist. 

6. Verfahren zur Herstellung eines Anthracyclin-Ligand-Konjugates, welches folgende Stufen umfaBt: 
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a) Reaktion des Uganden mit einem Thiolierungsmrttel und 

b) Reaktion des thiolierten Uganden mit einem Acylhydrazon der Formel: 




worin 

far CH3, CH2OH, CH20CO(CH2)3CH3 Oder CH20COCH(OC2H5)2 steht; 
r2 for 




steht, 

worin X = H, NOa Oder Halogen ist; 
R^ fur OCH3, OH Oder Wasserstoff steht; 

R* fur NH2, NHCOCF3. 4-Morpholinyl, 3-Cyano-4-morpholinyl, l-Piperidinyl, 4-Methoxy-1-piperidinyl, 
Benzylamin, Dibenzylamin, Cyanomethylainin oder 1-Cyano-2-methaxyethyIamin steht; 
R^ fur OH. 0-THP oder Wasserstoff steht; 

R® fur OH Oder Wasserstoff steht, mit der MaI3gabe, daB nicht fur OH steht. wenn R^ fur OH oder O- 
THP steht; und 

n fOr eine ganze Zahl von 1 bis 10, einschlieBlich, steht; 
Oder der Formel: 




worin 

Ri fur CH3, CH2OH. CH20CO(CH2)3CH3 oder CH20COCH(OC2H5)2 steht; 
R^ fur OCH3. OH Oder Wasserstoff steht; 

R"* fur NHg, NHCOCF3. 4-Morpholinyl, 3-Cyano-4-morpholinyl, 1 -Piperidinyl, 4-Methoxy-1-piperidinyl. 
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Benzylamin, Dibenzylamin. Cyanomethylamin Oder l-Cyano-2-methoxyethylamin steht; 
r5 fOr OH, 0-THP Oder Wasserstoff steht; 

fur OH Oder Wasserstoff steht, mit der MaBgabe, daB nicht fur OH steht, wenn R^ fQr OH oder 0- 
THP steht: und 

5 n fur eine ganze Zahl von 1 bis 10, einschlieBlich, steht, 



Oder der Formel: 




worin 

25 

R^ fur CH3. CH2OH. CH20C0{CH2)3CH3 oder CHaOCOCHCOCsHsja steht; 
r2 fur 



steht, 

35 worin X = H, NO2 Oder Halogen ist; 

r3 fur OCH3. OH Oder Wasserstoff steht: 

R* und R^ unabhangig fur Wasserstoff, AlkyI, substituiertes AlkyI, CycloalkyI, substttuiertes CycloalkyI, 
Aryl, substituiertes Aryl, Araikyl oder substituiertes AralkyI stehen; oder R"^, R^ und N zusammen einen 4- 
7-gliedrigen Ring bilden, wobei der Ring gegebenenfalis substituiert sein kann; 
40 r5 fur OH, 0-THP Oder Wasserstoff steht; 

R^ fur OH Oder Wasserstoff steht, mit der MaBgabe, daB R^ nicht fur OH steht. wenn R^ fur OH oder 0- 
THP steht: und 

n far eine ganze Zahl von 1 bis 10, einschlieBlich, steht. 



45 7. Verfahren nach Anspruch 6, wobei das Acylhydrazon ADM-HZN ist. 



8. Verfahren zur Herstellung eines Anthracyclin-Ligand-Konjugates nach Anspruch 1. welches folgende Stufen 
umfaBt: 

50 a) Umsetzung von SPDP mit Hydrazin unter Bildung von 3-(2-Pyridylthio)propionylhydrazid; 

b) Umsetzung von Adriamycinhydrochlorid mit dem Hydrazid unter Bildung von ADM-HZN; und 

c) Umsetzung von ADM-HZN mit einem Uganden. an den Thiolgruppen gebunden sind, wobei der Ugand mit 
einer ausgewdhlten Zeilpopulation reagiert. die abgetOtet werden soil. 

55 9. Verfahren zur Herstellung eines Anthracyclin-Ligand-Konjugates nach Anspruch 1. welches folgende Stufen 
umfaBt: 



a) Umsetzung von SPDP mit Hydrazin unter Bildung von 3-(2-Pyridylthio)propionylhydrazid; 

b) Umsetzung von Adriamycinhydrochlorid mit dem Hydrazid unter Bildung von ADM-HZN: 
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c) Behandlung von ADM-HZN mit einem Reduktionsmittel unter Bildung von 13-[3-(Mercaptopropionyl)]-adria- 
mycinhydrazon; und 

d) Umsetzung des Hydrazons mit einem Uganden, an den Maleiinidgruppen gebunden sind, wobei der Ligand 
mit einer ausgewdhlten Zellpopulation reagiert. die abgetotet werden soil. 

5 

10. Verfahren zur Herstellung einer pharmazeutischen Zusammensetzung zur Behandlung von Erkrankungen. insbe- 
sondere Krebs, niclit-malignen Tumoren, nichtcytociden viraien Oder pathogenen Infektionen und Autoimmuner- 
krankungen, umfassend die Aufnahme wenigstens eines Anthracyclin-Ligand-Konjugates nach einem der 
Anspruche 1 bis 5 in einem pharmazeutisch vertraglichen TrSger. 

10 

1 1 . Venwendung wenigstens eines Anthracyclin-Ligand-Konjugates nach einem der Anspruche 1 bis 5 zur Herstellung 
einer pharmazeutischen Zusammensetzung zur Abgabe von Anthracydin an eine ausgewahlte Zellpopulation. die 
abgetotet werden soil, zur Behandlung von Erkrankungen bei SSugetieren, ausgewShlt unter Krebs, nicht-mali- 
gnen Tumoren, nicht-cytociden viraien oder pathogenen Infektionen und Autoimmun erkrankungen, und zur 

15 Behandlung von Tumoren bei Saugetieren. 

12. Verwendung von mehr als einem Anthracyclin-Ligand-Konjugat nach einem der Anspruche 1 bis 5, umfassend ein 
mit einer ausgewdhlten Zellpopulation. die abgetdtet werden soli, reagierendes Molekul. zur Herstellung einer 
pharmazeutischen Zusammensetzung zur Abgabe einer Kombination von Anthracyclinen an die Zellpopulation, 

20 wobei das zellreaktive Molekul jedes Konjugates mit demselben oder einem anderen mit der Zellpopulation asso- 
ziierten Antigen, Epitop oder Rezeptor reagiert und das Anthracydin jedes Konjugates gleich Oder verschieden ist. 

Revendications 

25 Revendications pour les Etats contractants suivants : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE 

1 . Conjugue anthracycline-ligand comprenant au moins une molecule d'anthracycline pont6e k un ligand r^actif avec 
une population de cellules s6lectionn6e a tuer, I'anthracycline ayant un groupe c6to k la position C-13 et 6tant atta- 
ch6e au ligand via un bras linker, te bras linker 6tant 116 de fapon covalente k I'anthracycline par un pontage acyl- 

30 hydrazone k la position 13"c6to de I'anthracydine; 

oij le bras linker contient additionnellement une liaison disulfure ou une liaison thio^ther; et 
ou le ligand est choisi dans le groupe consistant en la bomb6sine. TEGF. la transferrine, la gastrlne, un pep- 
tide lib^rant de la gastrine, un facteur de croissance d6riv6 des plaquettes. IL-2, IL-6, TGF-a. VGF, TGF-p, I'insuline 
et les facteurs de croissance analogues k Tinsuline t et 11; ou dans le groupe consistant en des carbohydrates. st6- 
35 roTdes et lectines. 

2. Coniugu6 selon la revendication 1. ou Tanthracycline est choisie dans le groupe consistant en I'adriamycine, la 
daunomycine, la d§torubicine, la carminomydne, I'idarubicine, I'^pirubicine, I'^sorubicine, la 4'-THP-adriamycine, 
AD-32 et la 3'-d6amino-3'-(3-cyano-4-morpholinyl)-doxorubicine. 

40 

3. Conjugu6 selon la revendication 1 , ou le ligand est la bombasine et I'anthracydine est I'adriamycine. 

4. Conjugu^ selon la revendication 1 , ou ie ligand est EGF et I'anthracydine est I'adriamycine. 

45 5. Conjugu^ selon la revendication 1 , ou le ligand est la transferrine et I'anthracycline est radriamycine, 

6. M6thode de preparation du conjugu6 anthracycline-ligand selon la revendication 1 , comprenant les stapes de : 

a) reaction du ligand avec un agent thiolatant; et 
50 b) reaction du ligand thiolat^ avec une acylhydrazone de formule : 



55 
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est CH3. CH2OH. CH20CO(CH2)3CH3 ou CHgOCOCHpCgHsjg: 
R^est 




ou X = H, NO2 ou un halog^ne; 
est OCH3. OH ou un hydrog^ne; 
R'^ est NH2. NHCOCF3. une 4-morphormy1e, une 3-cyano-4-niorpholinyle, un 1 -pip6ridinyle, un 4-m6thoxy-1- 
pip^ridinyle, une benzyl amine, une dibenzyl amine, une cyanom^thyl amine ou une 1-cyano-2-m6thaxy6thyl 
amine; 

R^ est OH, 0-THP ou un hydrog^ne, 

R^ est OH ou un hydrog^ne, sous reserve que R® ne soit pas OH (orsque R^ est OH ou 0-THP; et 
n est un enter valant de 1 ^ 10, 

ou de formule : 
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H Q 




est CHg. CH2OH. CH20CO(CH2)3CH3 ou CH20COCH(OC2H5)2; 
est OCH3, OH ou un hydrog^ne; 

est NH2, NHCOCF3, une 4-morpholinyle, una 3-cyano-4-morpholinyle, un 1-pip6ridinyle, un 4-m6thoxy-1- 
pip6ridinyle, une benzyl amine, une dibenzyl amine, une cyanom6thyl amine ou une 1-cyano-2-m6thoxy6thyl 
amine; 

R^ est OH, 0-THP ou un hydrog^ne; 

est OH ou un hydrog^ne, sous reserve que R^ ne soit pas OH lorsque R^ est OH ou 0-THP; et 
n est un entier valant de 1 ^ 10 inclus. 

ou de formule : 




R^ est CH3. CH2OH. CH20CO(CH2)3CH3 ou CHsOCOCHCOCaHgjg; 
R^est 
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-X 0^ 



ou X = H. NO2 ou un halog^ne; 
est OCH3, OH ou un hydrog6ne; 
w R"^ et sont ind6pendamment un hydrog^ne, un alkyle, un aikyle substitu6, un cycloalkyle, un cycloalkyle 

substitu6» un aryle. un aryle substitu6, un aralkyle ou un aralkyle substitu6; ou R"*, R^ et N ensemble torment 
un cycle k 4-7 membres ou ledit cycle peut §tre optionnellement substitu6; 
R^ est OH, 0-THP ou un hydrog^ne; 

R® est OH ou un hydrogdne, sous reserve que R^ ne soit pas OH lorsque R^ est OH ou 0-THP; et 
15 n est un entier valant de 1 ^ 10, inctus. 

7. M6thode selon la revendication 6, ou Tacylhydrazone est ADM-HZN. 

8- M6thode de preparation du conjugu§ anthracycline-ligand selon la revendication 1, conrprenant les stapes de : 

20 

a) reaction de SPDP avec I'hydrazine pour former un 3-(2-pyridylthio)proptonyl hydrazide; 

b) reaction du chlorhydrate d'adriamycine avec iadite hydrazide pour former ADM-HZN; et 

c) reaction de TADM-HZN avec un ligand auquel des groupes thiol ont ^t^ attach^, le llgand ^tant r^actif avec 
une population de cellules s^lectionn^e k tuer. 

25 

9. M6thode de preparation du conjugu§ anthracycline-ligand selon la revendication 1, comprenant les stapes de ; 

a) reaction de SPDP avec une hydrazine pour former une 3-(2-pyridylthio)propionyl hydrazide; 

b) reaction du chlorhydrate d'adriamycine avec Iadite hydrazide pour former ADM-HZN; 

30 c) traitement dudit ADM-HZN avec un agent r6ducteur pour former la 13-[3-(mercaptopropionyl)ladriamycine 

hydrazone; et 

d) reaction de Iadite hydrazone avec un ligand auquel des groupes mal^Tmides ont ete attaches, le ligand etant 
r^actif avec une population de cellules seiectionn6e k tuer. 

35 10. Composition pharmaceutquement acceptable utile dans le traitement des maladies, en particulier des cancers, 
des tumeurs non malignes, des infections virales non-cytocidales ou pathog^nes, et des d6sordres autoimmuns, 
qui comprend une quantity pharmaceutiquement eff icace d'au moins un conjugu^ anthracycline-ligand selon Tune 
quelconque des revendications 1 ^ 5 et un porteur pharmaceutiquement acceptable. 

40 11. Proced6 pour preparer la composition pharmaceutique de la revendication 10 qui comprend I'incorporation d'au 
moins un conjugu6 anthracycline-ligand selon Tune quelconque des revendications 1 k 5 dans un porteur pharma- 
ceutiquement acceptable. 

12. Utilisation d'au moins un conjugu^ anthracycline-ligand selon Tune quelconque des revendications 1 k 5 pour prd- 
45 parer une composition pharmaceutique pour deiivrer I'anthracycline k une population de cellules seiectionn^e k 
tuer, pour traiter des maladies mammaliennes choisies dans le groupe consistant en les cancers, les tumeurs non- 
malignes, les infections virales non-cytocidales ou pathog^nes et les d^sordres auto-immuns et pour traiter des 
tumeurs mammaliennes. 

50 1 3. utilisation de plus d'un conjugu6 selon Tune quelconque des revendications 1 k 5 comprenant une moI6cule reac- 
tive avec une population de cellules seiectionnee k tuer pour preparer une composition pharmaceutique pour deii* 
vrer une combinaison d'anthracyclines k Iadite population de cellules, la molecule reactive avec les cellules de 
chaque conjugue etant reactive avec un antigen e, epitope ou recepteur identique ou different assode k Iadite 
population de cellules et I'anthracydine de chaque conjugue etant identique ou differente. 



Revendications pour TEtat contractant sulvant : ES 

1. Methode de preparation d'un conjugue anthracycline-ligand comprenant au moins une molecule d'anthracycline 
pontee k un ligand reactif avec une population de cellules choisie e tuer, I'anthracycline ayant un groupe ceto k la 
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position C'13 et ^tant attach^e au (igand via un bras linker, le bras linker ^tant Ii4 de fa^on covalente ^ Tanthracy- 

dine par un pontage acythydrazone it la position l3-c6to de ranthracycline; 

ou le bras linker contient additionnellement une liaison disulfure ou un liaison thio6ther; et 

ou le ligand est choisi dans le groupe consistant en la bomb6sine, I'EGF, la transferrine. la gastrine, un peptide Iib6- 

rant de la gastrine. un facteur de croissance d6riv6 des plaquettes. IL-2, IL-6. TGF-a, VGF, TGF-p, l insuline et les 

facteurs de croissance analogues k I 'insulin e I et il; ou dans le groupe consistant en les carbohydrates, stdroTdes 

et lectines. laquelle m^thode comprend les 6tapes de 

a) reaction du ligand avec un agent thiolatant; et 

b) reaction du ligand thiolat^ avec une acylhydrazone de fornnule : 




1 1 



j5 R 



ou : 



est CH3. CH2OH, CH20CO(CH2)3CH3 ou CHaOCOCHCOCaHsja; 
R^est 



-X OU 




ou X = H, NO2 ou un halog^ne; 

est OCH3, OH ou un hydrog^ne; 

R'* est NHg, NHCOCF3, une 4-morphoIinyle. une 3-cyano-4-morpho!inyle, un 1 -pip6ridinyle. un 4-m6thoxy-1- 
pip6ridinyle. une benzyl amine, une dibenzyl amine, une cyanom^thyl amine ou une 1 -cyano-2-m6thoxy6thyl 
amine; 

R^ est OH, 0-THP ou un hydrog^ne, 

est OH ou un hydrogdne. sous reserve que R® ne soit pas OH lorsque R^ est OH ou 0-THP; et 
n est un entier valant de 1 ^ 10, 
ou de formule : 
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est CH3, CH2OH, CH20CO(CH2)3CH3 ou CH20COCH(OC2H5)2; 

est OCH3, OH ou un hydrog^ne; 

R^ est NH2. NHCOCF3, une 4-morpholinyle, une 3-cyano-4-morpholinyle, un 1-pip6rid(nyle, un 4-m6thoxy-1- 
pip6ridinyle. une benzyl amine, unedibenzyl amine, une cyanom6thyl amine ou une 1 ■cyano-2-m6thoxy6thyl 
amine; 

R^ est OH. 0-THP ou un hydrog^ne; 

R® est OH ou un hydrog^ne, sous reserve que R® ne soit pas OH lorsque R^ est OH ou 0-THP; et 
n est un entter v^alant de 1 ^ 10 indus, 
ou de formule : 




R^ est CH3. CH2OH. CH20C0(CH2)3CH3 ou CH20C0CH(0C2H5)2; 
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r2 est 




10 



ou X = H, NO2 ou un halog§ne; 
est OCH3, OH ou un hydrog^ne; 



R"^ et sont ind6pendamment un hydrog^ne, un alkyle, un alkyle subst(tu6, un cycloalkyle, un cycloalkyle 
substitu§, un aryle, un aryle substitu^. un aralkyle ou un aralkyle substitu§; ou R^, et N ensemble torment 
15 un cycle k 4-7 membres oCi ledit cycle peut Stre optionnellement substitu6; 

R^ est OH. 0-THP ou un hydrog6ne; 

R^ est OH ou un hydrog^ne, sous reserve que R® ne soit pas OH lorsque R^ est OH ou 0-THP; et 
n est un entier valant de 1 ^ 10, inclus. 



20 



2. M6thode selon la revendication 1 , ou Tanthracycline est choisie dans le groupe consistant en radriamycine, la dau- 
nomycine, la d§torubicine, la carminomycine, Tidarubicine, I'^pirubicine, r^sorubicine, la 4'-THP-adriamycine, AD- 

25 32 et la 3*-d6amino-3'-(3-cyano-4-morpholinyl)<loxorubicine. 

3. M6thode selon la revendication 1, ou le ligand est la bombasine et Tanthracydine est Tadriamycine. 

4. M6thode selon la revendication 1. ou le ligand est EGF et I'anthracycline est radriamycine. 

30 

5. M^thode sefon la revendication 1 , ou le ligand est la transferrtne et Tanthracycline est radriamycine. 

6. M6thode selon ta revendication 1 , ou I'acylhydrazone est ADM-HZN. 

35 7. M^thode de pr^aration du conjugu^ anthracycline-ligand tet que d^ini en revendication 1 , comprenant les stapes 
de: 

a) reaction de SPDP avec I'hydrazine pour former une 3-(2-pyridylthio)propionyl hydrazide; 

40 b) r^adion du chlorhydrate d'adriamycine avec ladite hydrazide pour former ADM-HZN; et 

c) reaction de I'ADM-HZN aveo un ligand auquel des groupes thiol ont ^t6 attaches, te ligand 6tant r^ctif avec 
une population de cellules s6lectionn6e ^ tuer. 

45 8. M6thode de preparation du conjugu6 anthracycline-ligand tel que d6fini dans la revendication 1 , comprenant les 
stapes de : 

a) reaction de SPDP avec ['hydrazine pour former une 3-(2-pyridy(thlo)propionyf hydrazide; 

50 b) reaction du chlorhydrate d'adriamycine avec ladite hydrazide pour former ADM-HZN; 

c) traitement dudit ADM-HZN avec un agent r§ducteur pour former la 13-[3-(mercaptopropionyl)ladriamycine 
hydrazone; et 

55 d) reaction de ladite hydrazone avec un ligand auquel des groupes mal^Tmides ont 4t^ attaches, le ligand §tant 

r^actif avec une population de cellules s^lectionn^e k tuer 

9. M^thode de preparation de la composition pharmaceutique utile dans ie traitement des maladies, en particulier des 
cancers, des tumeurs non malignes, des infections viraies non-cytocidales ou pathog^nes, et des d^sordres 



55 



EP 0 398 305 B1 



autoimmuns, qui comprend une quantity pharmaceutiquement efficace d'au moins un conjugu6 anthracycline- 
ligand pr^par^ selon Tune quetconque des revendications 1 k 8 dans un porteur pharmaceutiquement acceptable. 

10. Utilisation d'au moins un conjugu^ anthracycline-ligand tel que pr^par^ selon Tune quelconque des revendications 
1 k 8 pour preparer une composition pharmaceutique pour la d61ivrance d'anthracycline k une population de cellu- 
les s^lectionn^e k tuer. pour traiter des maladies mammaliennes choisies dans le groupe consistant en les can- 
cers, les tumeurs non-malignes, les infections virales non-cytocidales ou pathogdnes et les d6sordres auto- 
immuns et pour traiter des tumeurs mammaliennes. 

1 1 . Utilisation de plus d'un conjugu^ tel que pr^par^ selon Tune quelconque des revendications 1 k 8 comprenant une 
molecule reactive avec une population de cellules s6lectionn6e k tuer pour preparer une composition pharmaceu- 
tique pour d^livrer une combinaison d'anthracyclines k ladite population de cellules, la mol^ule reactive aux cel- 
lules de chaque conjugu6 6tant reactive avec un antig^ne, epitope ou r^epteur identique ou different associ6 k 
ladite population de cellules et Tanthracycline de chaque conjugu6 6tant identique ou diff^rente. 

Revendications pour I'Etat contractant suivant : GR 

1 . Conjugu6 anthracycline-ligand comprenant au moins une molecule d'anthracycline pont^e k un ligand r^actif avec 
une population de cellules s61ectionn6e k tuer. I'anthracycline ayant un groupe c6to k la position C-1 3 et 6tant atta- 
ch6e au ligand via un bras linker, le bras linker 6tant Ii6 de fagon covalente k Tanthracycline par un pontage acyl- 
hydrazone k la position 13-c6to de I'anthracyciine; 

ou le bras linker contient additionnellement une liaison disulfure ou une liaison thio6ther; et 
ou le ligand est choisi dans le groupe consistant en la tx)mb6sine. I'EGF. la transferrine, la gastrine. un peptide Iib6- 
rant de la gastrine, un facteur de croissance d6riv6 des plaquettes, IL-2, IL-6, TGF-a. VGF, TGF-p, Tinsuline et les 
facteurs de croissance analogues k I'insuline 1 et II; ou dans le groupe consistant en les carbohydrates, st^roides 
et lectines. 

2. Coniugu6 selon la revendication 1, ou Tanthracycline est choisie dans le groupe consistant en radriamycine. la 
daunomycine, la d6torubicine, la carminomydne, Tidarubicine, I'^pirubicine, T^sorubicine, la 4'-THP-adriamycine, 
AD-32 et la 3'-d6amino-3'-(3-cyano-4-morpholinyl)-doxorubicine. 

3. Conjugu§ selon la revendication 1 , oii le ligand est la bombasine et I'anthracycline est radrianrryclne. 

4. Coniugu6 selon la revendication 1 , ou le ligand est EGF et I'anthracycline est radriamycine. 

5. Conjugu6 selon la revendication 1 , ou le ligand est la transferrine et I'anthracycline est radriamycine. 

6. M6thode de preparation du conjugu6 anthracycline-ligand selon la revendication 1 , comprenant les 6tapes de : 

a) reaction du ligand avec un agent thiolatant; et 

b) reaction du ligand thiolat6 avec une acylhydrazone de formule : 
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est CH3, CH2OH, CH20CO(CH2)3CH3 ou CH20COCH(OC2H5)2; 
?? est 




ou X = H, NO2 ou un halog^ne; 

est OCH3, OH ou un hydrog^ne; 

R'^ est NH2, NHCOCF3, une 4-morpholinyle, une 3-cyano-4-morpholinyie, un 1 -pip6ridinyle, un 4-m6thoxy-1- 
pip6ridinyle. une benzyl amine, une dibenzyl amine, une cyanom§thyl amine ou une 1 "cyano-2-m6thoxy6thyl 
amine; 

r5 est OH. 0-THP ou un hydrog^ne. 

est OH ou un hydrog^ne, sous reserve que R^ ne soit pas OH lorsque R^ est OH ou 0-THP; et 
n est un entier valant de 1 ^ 10, 
ou de formule : 
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ou : 

est CH3. CH2OH. CH20CO(CH2)3CH3 ou CHgOCOCHpCaHsja; 

est OCH3. OH ou un hydrog^ne; 

R^ est NH2, NHCOCF3, une 4-morpholiny1e, une 3-cyano-4-morpholinyle. un l-pip^ridinyle, un 4-m6thoxy-1- 
pip6ridinyle, une benzyl amine, une dibenzyl amine, une cyanom6thyl amine ou une 1 •cyano-2-m6thoxy6thyl 
amine; 

R^ est OH, 0-THP ou un hydrog^ne; 

R® est OH ou un hydrog6ne, sous reserve que R® ne soit pas OH lorsque R^ est OH ou 0-THP; et 
n est un entier valant de 1 d 10 inclus, 
ou de formule : 




ou : 

R^ est CH3. CH2OH, GH20CO(CH2)3CH3 ou CH20C0CH(0C2H5)2; 



58 



EP 0 398 305 B1 



r2 est 



5 




w ou X = H, NO2 ou un halog^ne, 

est OCH3. OH ou un hydrog^ne: 

R"* et R^ sont ind6pendamment un hydrog^ne, un alkyie, un aikyle substitu6, un cycioalkyfe, un cyclcaikyle 
IS sut>stitu6, un aryle, un aryle substitu6, un arafkyie ou un aralkyle substitu6; ou R**, R^ et N ensemble ferment 

un cycle ^ 4-7 membres ou ledit cycle peut §tre optionnellement substitu6; 

R^ est OH, O-THP ou un hydrog^e; 

20 R^ est OH ou un hydrog^ne. sous reserve que R^ ne soit pas OH lorsque R^ est OH ou O-THP; et 

n est un entier valant de 1 ^ 10, inclus. 

7, M^thode selon la revendication 6, ou Tacylhydrazone est ADM-HZN. 

25 

8. M^thode de preparation du conjugu^ anthracycline-ligand selon la revendication 1 , comprenant ies stapes de: 

a) reaction de SPDP avec I'hydrazine pour former une 3-(2-pyridylthio)propionyi hydrazide; 

30 b) reaction du chlorhydrate d'adriamycine avec ladite tiydrazide pour former ADM-HZN; et 

c) reaction de I'ADM-HZN avec un ligand auquel des groupes thiol ont 6t6 attaches, le ligand 6tant r^actif avec 
une population de cellules s^lectionn^e k tuer 

35 9. M6thode de preparation du conjugu6 anthracycline-ligand selon la revendication 1 , comprenant Ies 6tapes de: 

a) reaction de SPDP avec une hydrazine pour former une 3-{2-pyridylthio)propionyl hydrazide; 

b) reaction du chlorhydrate d'adriamycine avec ladite hydrazide pour former ADM-HZN; 

40 

c) traitement dudit ADM-HZN avec un agent r^ducteur pour former la 13-[3-(mercaptopropionyl)]adriamycine 
hydrazone; et 

d) reaction de ladite hydrazone avec un ligand auquel des groupes mal6imides ont 6t6 attaches, le ligand 6tant 
45 r^actif avec une population de cellules s^lectionn^e k tuer. 

10. Proc6d6 pour preparer ta composition pharmaceuttque utile dans le traitement des maladies, en particulier des 
cancers, des tumeurs non malignes, des infections virales non-cytocidales ou pathog^nes, et les d6sordres 
autoimmuns lequel proc6d6 comprend I'incorporation d'au moins un conjugu§ anthracycline-ligand selon Tune 

50 quelconque des revendications 1 k 5 dans un porteur pharmaceutique acceptable, 

1 1 . Utilisation d'au moins un conjugal anthracycline-ligand selon I'une quelconque des rey/endications 1 k 5 pour pre- 
parer une composition pharmaceutique pour d6livrer I'anthracycline k une population de cellules choisie k tuer. 
pour traiter des maladies mammaliennes choisies dans le groupe consistant en les cancers, les tumeurs non-mali- 

55 gnes, les infections virales non-cytocidales ou pathog^nes et les d^sordres auto-immuns et pour traiter des 
tumeurs mammaliennes. 

12. Utilisation de plus d'un conjugu^ selon I'une quelconque des revendications 1 k 5 comprenant une molecule reac- 
tive avec une population de cellules seiectionnee k tuer pour preparer une composition pharmaceutique pour deii- 
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vrer une combinaison d'anthracyclines k ladite population de cellules, ta molecule reactive avec les cellules de 
chaque conjugu6 6tant reactive avec un antig^ne, Epitope ou r^cepteur identique ou different associ^ k ladite 
population de cellules et Tanthracydine de chaque conjugu6 6tant identique ou diff6rente. 
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RESPONSE OF DAUDl TUMOR XENOGRAFTS TO IV 
ADMINISTERED ADM-HCL USING A 07Dx5 SCHEDULE 
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FIG, 22 
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INHIBTION OF 125I-E6F BY 
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